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INTERNATIONAL ASSOCIATION FOR DENTAL RESEARCH 


New York 10, 1920 


PROCEEDINGS THE TWENTIETH ANNIVERSARY 
DINNER 


HELD UNDER THE AUSPICES THE SECTION 
St. New Y., 20, 1940, P.M. 
FRANCES KRASNOW, Editor New York Section 


The occasion appeared welcomed. arrival made possible in- 
timate and spirited exchange ideas first the reception foyer and 
then the dining hall. Seated the various tables were: 


Agnew, Mrs. Agnew, Ambros, Asgis, Lillian Barkann, Berger, 
Camara, Carr, Clug, Mrs. Clug, Darlington, Mrs. Darlington, Ina 
Helen Doane, Dunning, Mrs. Dunning, Dunning, Eby, General 
Fairbank, Futterman, Mrs. Futterman, Gies, Goldberg, Greenfield, 
Mrs. Greenfield, Heinze, Hemley, Hirschfeld, Mrs. Hirschfeld, Dean Holli- 
day, Jeffer, Kabnick, Mrs. Kabnick, Kaletsky, Miss Kaletsky, Kaminet- 
sky, Karshan, Kobrin, Mrs. Kobrin, Kollen, Frances Krasnow, Lefkowitz, 
Leonard, Mrs. Leonard, Lieban, Lifton, Mrs. Lifton, Lusterman, 
Neuwirth, Mrs. Neuwirth, Dean Newman, Mrs. Newman, Palmer, 
Parker, Mrs. Ricker, Rohr, Rosebury, Rosoff, Mrs. Rosoff, Salzmann, 
rin, Tanchester, Mrs. Tanchester, Tannenberg, Mrs Tannenberg, Thau, 


Concerted interest was evident. There were representatives from 
the United States Army and Navy, Columbia University School 
Dental and Oral Surgery, Guggenheim Dental Clinic, New York 
University College Dentistry, Montefiore Hospital, The New York 
Institute Clinical Oral Pathology, West China Union University, 
and the profession large. The dinner service was well planned. 
The menu allowed adequately for renewal the afternoon’s energy 
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expenditure; the time allotted gave ample consideration the sched- 
uled speakers. 

After dinner, Dr. Charles Darlington, Chairman the New 
York Section, introduced the formal program with appreciation and 
thanks all present for the successful gathering. Deserving special 
tribute was given Dr. David Tanchester, Chairman the Celebra- 
tion Committee. Unfortunately, Dr. Wilmer Souder, President 
the International Association Dental Research, selected the first 
speaker, was ill. Dr. Darlington called upon the Vice President 
the International Association, Dr. Charles Bodecker, who very 
fittingly read Dr. Souder’s letter expressing his regrets 
tations. 

presenting the second speaker, Dr. Darlington pointed out that 
the three terms, Dentistry-Research-International Association for 
Dental Research, can bring mind only one person. With this 
statement all rose applaud Dr. William Gies. Indeed, such grati- 
tude and admiration was well earned. Having established the first 
biochemistry department associated with medical school, thereby 
enlisting all the biological sciences fathom the organism’s require- 
ments for health that disease may prevented more quickly 
dissipated when occurs, Dr. Gies naturally also took dental science 
into the fold. catalyze the reactivity this inclusion, the Inter- 
national Association Dental Research was founded. clearly 
envisioned the program may best related his own words: 
Reminiscing from the original notes 1920, indicated that 
ings the Association, besides giving aid and comfort kindred 
spirits dental inquiry, would (a) facilitate cooperation matters 
affecting dental research, and provide occasion for recurrent ex- 
pression the kinds constructive criticism upon which the most 
useful research flourishes. Such meetings would also (c) favor the 
best presentation the results dental research; (d) give active 
investigators the benefit analytic discussions dental researches 
progress; encourage the younger workers endeavor merit 
the intellectual approbation colleagues more extended experience 
research; and (f) develop ambition and morale dental research 
that otherwise might arise very slowly. The Association would (a) 
stimulate achievement and productivity dental research; im- 


: 


prove public support for dental research cultivation the scientific 
spirit and suitable publication the proceedings; and (c) add 
further dignity and impart finer quality and serviceability dentistry 
profession.” prospect stressed “the sustained normal 
growth the Association organization and constructive activities, 
the effective attainment the original objectives; alluded the 
increasing practical interest the advancement dental science; 
emphasized the importance the spreading influence the spirit 
research the dental schools; and predicted cumulative progress, 
through research, the solution the problems prevention and 
treatment oral 

The honor introduce the next speaker was appropriately bestowed 
Dr. Darlington upon Dr. Tanchester. doing stressed the 
developing interest dentistry Montefiore Hospital due large 
part its Director, Dr. Bluestone, who reviewing his 
thoughts dental research enumerated the need for (1) studying 
dental pathology relation various clinical manifestations, (2) early 
diagnosis dental disease the greatest contribution dentistry 
constitutional well-being, (3) increased attention physiological fac- 
tors, (4) optimum use discoveries bacteriology, biochemistry, 
nutrition, chemotherapy and pharmacology, (5) correlation or- 
ganization-education-research, (6) more investigation into the ways 
philanthropy that reasonable share could obtained for more 
general dental care and dental research, (7) continued cooperative 
quality dental men already well exemplified, (8) recent interest 
dental science thinking men and women. 

Finally, Dr. Darlington called upon Dr. Hirschfeld who acclaimed 
Brigadier General Leigh Fairbank not only the United States 
Army Representative but also dentist keenly watchful den- 
tistry’s advance particularly with regard the nation’s health and 
happiness. General Fairbank gave full evidence such concern 
his remarks the (1) development rapid but thorough examina- 
tion, (2) system careful recording, eliminating entirely the sorry 
lack information from the conscription examinations, 
(3) statistical compilation data race, place birth, early geo- 
graphic location, growth, environment, health, general diseases, oral 
manifestations including congenitally missing teeth, impacted teeth, 
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malocclusions, orthodontic treatment effects, molar fifth cusps, caries, 
extractions, defective dental restorations, fixed and removal dentures, 
mottled enamel erosion, calculus, periodontal conditions, neoplasms, 
(4) availability all records the dental profession especially since 
may necessary discard much the material after five years, 
(5) probability that the compilation and coordination the findings 
will cause some existing theories discarded and disclose important 
truths long sought for. 

With cordial thanks, Dr. Darlington closed the evening which 
marked score formative, buoyant, ambitious years the de- 
velopment dental science, holding forth promise for further fertility. 


THE CAPACITY DEVELOPING TOOTH GERM 
ELEMENTS FOR SELF-DIFFERENTIATION WHEN 
TRANSPLANTED" 


WILLIAM HAHN, D.D.S., M.S. 


Department Anatomy, School Medicine and Dentistry, University Rochester, 
Rochester, 


INTRODUCTION 


The relationship the various embryonic tissues associated with 
tooth formation fundamental interest dental histologists and 
embryologists. The subject particularly interesting because con- 
cerns not only the processes formation the most highly calcified 
tissues the body but also organ which epithelial and connective 
tissues are combined one unit. 

Two general methods have usually been employed the study 
these processes: Observation the developing tooth various 
stages growth; Transplantation the embryonic tissues some 
stage development foreign site, either living tissues 
nutritive media outside the body. 

Many workers various fields developmental studies have used 
the transplant method extensively analysing the processes growth 
and differentiation. Not great amount work has been done, 
however, which the soft tissue elements developing teeth have 
been transplanted. Since this method offers certain advantages over 
the procedures previously employed dental embryological studies, 
was the one selected for the present experiments. 

The literature this subject indicates that general types 
dental tissues have been transplanted: the isolated enamel epi- 
thelium; the dental papilla; the whole tooth germ. The results 


Submitted partial fulfillment for the requirements for the degree Master Science 
Anatomy, University Rochester, Rochester, Presented part the 17th 
General Meeting the International Association Dental Research, March 18, 1939. 
This work was made possible grant from the Carnegie Corporation New York. 

Now the University Maryland, School Dentistry, Baltimore, Maryland. 
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obtained different investigators have been fairly consistent. 
Transplants the enamel epithelium have shown that the tissue 
either failed become established and was resorbed, that 
changed stratified epithelium without cyst formation. either 
case enamel was produced. Grafts the dental papilla pulp 
tissue have all cases resulted the formation some type 
dentin. the tooth follicle, both dentin and enamel 
have been produced and the soft tissues the follicle have retained 
their normal histological characteristics. 

The sites selected for transplanting these tissues have varied, most 
workers favoring the subcutaneous tissues certain body regions. 
One investigator (7) has used the chorio-allantois chick embryos, 
another (3) the brains rats, and recently one worker (5, employed 
tissue culture methods. far can determined, however, the 
ovary has not been previously used nidus for transplanting de- 
veloping dental tissues. Since this organ relatively frequent site 
teratomatous growths containing partially fully developed teeth, 
was thought that might offer particularly favorable growth for 
transplanted tissues. 


PURPOSE 


The problems taken this investigation are follows: First, 
determine the dentin-producing ability the transplanted odonto- 
blast-pulp tissue and observe whether not growth and differentia- 
tion the transplant more prolific the ovarian tissue than 
locations used previous workers. Second, investigate the effect 
the isolated enamel epithelium the connective tissue cells the 
ovary. Since dentin and bone are closely allied both organic and 
inorganic composition and since certain types epithelium, when 
transplanted various regions, regularly stimulate osteoblasts form 
with resultant bone deposits, (8, was thought that the enamel 
epithelium might possess the ability produce similar changes the 
ovarian tissue. Third, determine the inducing power the enamel 
epithelium pulp tissue from which the odontoblasts have been 
removed. known that the presence the enamel organ essen- 
tial for differentiation the odontoblasts from the mesodermic papilla 
(5, but whether not the organ has the ability induce odonto- 
blast formation from pulp tissue has not been previously investigated. 
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METHODS AND MATERIALS 


The unerupted maxillary canines female dogs, approximately weeks old, were 
used all the experiments and the prepared specimens were implanted into the same 
animals. The canine tooth was selected because its relatively large size and the ease 
with which can removed without injury the associated soft tissues. dogs, 
the age weeks, this unerupted tooth germ about mm. long and mm. wide. 
Its position the jaw above and slightly posterior the root its deciduous predeces- 
sor. Completely surrounding the developing tooth this stage highly vascular con- 
nective tissue coat, the dental sac. Adjacent the sac the enamel organ which consists 
outer enamel epithelium several layers flattened cells, inner enamel epithe- 
lium large regularly formed cells, the ameloblasts, stellate reticulum and stratum 
intermedium. Interposed between the ameloblasts and the odontoblasts which surround 
the pulp tissue small calcified cone dentin and enamel. preparing the tissue for 
transplantation this calcified cone was discarded and only the soft tissues were utilized. 

All operations were performed under intraperitoneal Nembutal anesthesia supple- 
mented some cases with ether. For removal the tooth germ aseptic technique was 
maintained far possible within the oral cavity. After cleaning the mucous mem- 
brane the labial surface the maxilla with iodine and alcohol, incision was made 
mm. above the alveolar border extending anteriorly the naso-maxillary suture and 
posteriorly the first premolar tooth. The mucous membrane and periosteum were 
reflected. small round burr propelled laboratory engine was used cut window 
through the cortical bone safe distance either side the underlying tooth. The 
burr was used preference osteotome removing the bone since the former caused 
the least injury the soft tissues covering the developing tooth. The portion bone was 
then removed exposing the follicle with its surrounding membranes intact. The adherent 
membranes were detached from the adjacent bone with small pointed blade, the tooth 
lifted out and immediately placed between sterile gauze pads moistened with (0.9 per 
cent) sodium chloride solution and kept body temperature. The oral incision was 
closed with silk sutures. 

total transplants were made. These consisted series, according the type 
tissue used: Series I—Pulp with odontoblasts intact, grafts. Series 
enamel epithelium, grafts. Series free from odontoblasts, plus enamel 
epithelium, grafts. 

The tissue for the first series was obtained removing the pulp from the surrounding 
calcified cone dentin manipulation with small needles. Following this, the isolated 
pulp tissue was sectioned longitudinally with razor blade into approximately equal 
portions. One half the tissue was used the transplant and that remaining was pre- 
pared for histological examination. 

the second series experiments, the enamel epithelium was freed from the under- 
lying incompletely calcified cone the use sharp needle. This operation was carried 
out under dissecting microscope. The isolated enamel epithelium was then flattened 
sterile gauze pad moistened with (0.9 per cent) sodium chloride solution and mm. 
square section was removed with cataract scissors for implanting. Portions partially 
calcified enamel rods usually adhered this section but was impossible remove them 
without destroying the adjacent ameloblasts. 

The third series transplants which consisted combination the enamel epithe- 
lium and the pulp from which the odontoblasts had been removed was prepared 
technique suggested Huggins, McCarrol and Dahlberg transverse section mm. 
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thick was removed from the pulp, secured board small pins placed the periphery, 
and the central area liberated from the odontoblasts with razor blade. all cases 
sections were made ascertain that only pulp tissue free from odontoblasts remained. 
The enamel epithelium was then folded around the denuded mass pulp tissue such 
manner that the ameloblasts were contact with the cells the pulp. this last 
series the ovary was abandoned site for the transplants and the combined tissues 
were inserted the connective tissue space between the external and internal oblique 
muscles. This decision was made after repeated attempts utilize the ovary had shown 
that the proper relationship between the ameloblasts and the pulp tissues could not 
maintained. 

aseptic technique was maintained throughout the procedure. Each graft was 
transplanted into the same dog from which the specimen was obtained. Series and 
midline incision cm. length was made the ventral abdominal wall and into the 
peritoneal cavity. The ovary was located and held firmly between the fingers stabilize 
the organ and control excessive bleeding. The bursa ovarica surrounding the organ was 
opened and mm. incision made the ventral surface. With small forceps the 
prepared transplant was introduced into the ovary and the incision closed with two silk 
sutures. Series incision cm. long was made through the skin over the external 
oblique muscle and carried through the muscle the internal oblique. small space 
was made the fascia between the two muscles large enough accommodate the trans- 
plant, the combined tissues were inserted into this space and the muscle and skin closed 
with two silk sutures. 

After periods varying from days, the tissues were removed for sectioning, fixed 
Bouin’s solution for hours, dehydrated with analine and alcohol and imbedded 
Following this preparation, sections were cut thickness microns and 
stained with hematoxylin and eosin. 


RESULTS 

Series and odontoblast was always possible 
distinguish the transplanted pulp from the compact, more densely 
stained tissue the ovary sections tissues recovered days. 
these sections small areas partially calcified tissue resembling 
developing bone was observed interposed between the connective 
tissue the ovary and the pulp transplant. Typical odontoblasts 
were not present but small irregularly formed cells with deeply stained 
nuclei were arranged along the margins the newly formed tissue. 
many cases connective tissue bundles had been incorporated this 
tissue but there was evidence tubules characteristic true 
dentin. 

Sections tissue after days’ implantation showed what appeared 
normal tubular dentin. the majority sections recovered 
from the host days after grafting, the larger plaques dentin 
presented distinct zones (figs. and The first was inner 
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abrous zone lying next the odontoblasts, which were always present 
fit this stage development, and which calcareous deposits were 
just beginning. This fibrous layer presumably corresponded the 
odontogenetic predentinal zone found normal tooth development 
and contained delicate fibers placed roughly perpendicularly the 
long axes the odontoblasts. few instances was possible, 


Fic. 

Fic. Photomicrograph transplanted odontoblast pulp tissue days after graft- 
ing, showing mass newly formed dentin adjacent odontoblasts (a) and pulp (b). 
Note cellular character layer dentin first deposited (c), contrast the zones 
homogenous tubular dentin later formed (d, 120). 

Fic. Same fig. days after implantation. greater amount dentin 
has been deposited. Outer zone dentin (a) next connective tissue ovary ser- 
rated, but formation becomes more regular approaches odontoblasts (b) and pulp 


this layer, identify well defined tubules which appeared continuous 
with those regularly observed the second zone. middle zone, 
adjacent the fibrous layer, appeared well developed normal 
dentin, more less homogeneous nature, and containing character- 
istic branching tubules parallel the odontoblasts. was 
always more advanced this zone than the first third zone. 
The third zone, limited the connective tissue the ovary, had 
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incorporated numerous fibroblasts during its growth, thus acquiring 
distinctly osseous appearance. would seem that this outer layer 
dentin, the first established, grew without any definite pattern but 
controlled, some extent, the layers formed later time. 
Usually the pulp and the dentin were direct contact with the con- 
nective tissue the ovary but there was evidence vascular 
communication between the pulp and the host tissue. 

Odontoblasts were recognized all grafts days duration. 
Their position depended upon the form the dentin. They were 
found the relatively regular masses between the pulp and the dentin, 
usually they completely surrounded the solid circular masses, but 
other cases they occupied central position and were entirely enclosed. 

The ovarian tissue appeared tolerate the grafts remarkably well, 
since the majority cases was free from inflammatory processes. 

Series enamel epithelium transplants. Tissues recovered 
for sectioning after days implantation showed that the transplanted 
enamel organ had lost its characteristic form and changed the 
stratified type epithelium. This epithelium consisted vertically 
elongated basal cells containing deeply stained nuclei showing mitotic 
figures and several layers flat, thin, squamous cells with indistinct 
nuclei the cells the upper layers. Intercellular processes were 
regularly observed the basal layer cells but most cases defi- 
nite basement membrane intervened between these cells and the con- 
nective tissue the ovary. Solid strands and clusters these 
epithelial cells were scattered throughout the connective tissue 3). 

lined cysts appeared regularly the day sections, 
with formations large 2.5 mm. diameter (figs. and 
most cases the basal cells completely surrounded the central cavity 
which contained numerous polymorphonuclear leucocytes and squa- 
mous cells various degrees degeneration. some the larger 
cysts, growth had progressed extensively that portions the epi- 
thelial lining had almost completely disappeared and the condensed 
connective tissue the ovary acted limiting wall. appeared 
that the cysts were formed ways, gradual proliferation 
the basal layer cells that completely surrounded the less active 
squamous cells which then underwent cytolytic changes, and 
breaking down the central areas the solid epithelial masses. 


Fic. Photomicrograph transplanted isolated enamel epithelium days after 
grafting. Characteristic pattern enamel epithelium has been lost, and transplant 
survived solid islands and strands baso-squamous epithelium. Three these islands 
are shown (a) and strand (b). 180). 


Fic. Same fig. days after transplantation. large epithelial cyst has 
formed, containing degenerated squamous cells and polymorphonuclear leucocytes. 
Epithelium upper wall cyst (a) has almost completely disappeared. Note islands 
epithelial cells 40). 
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Inflammatory processes the host tissue were evident many 
cases. These were probably due either infection resulting from 
some contamination the transplanted tissue irritation from 
the partially enamel rods which had adhered the enamel 
epithelium and were incorporated with the transplants. 

the epithelium produced specific reaction the connective tissue 


Fic. Photomicrograph higher magnification the lower wall cyst shown 
fig. Connective tissue ovary (a), cyst cavity (b). The stratified character 
the epithelium well illustrated. Note the absence the basement membrane between 
the basal cells (c) and the ovarian tissue. squamous cells (d) the upper layers 
are beginning degenerate. 180). 


the ovary other than concentration and thickening the tissue 
surrounding the encroaching cyst wall. 

The characteristic structure the enamel organ disappeared 
early days after implantation and none the sections was 
possible identify the ameloblasts. enamel formation was not 
evident any the recovered tissues. 

Series Odontoblast-free pulp, plus enamel epithelium transplants. 
the seventh day the changes the enamel epithelium transplanted 
the abdominal wall connective tissues were essentially the same 
those observed the previous experiment. enamel organ lost 


its definitive form and had changed the stratified type epi- 
thelium. This epithelium was characteristic many respects and 
presented the same cellular pattern was found the second series 
experiments this time. Solid cords and masses epithelial cells 


Photomicrograph transplanted isolated enamel epithelium with pulp tissue 
from which odontoblasts have been removed. cord epithelial cells intervene between 
pulp (a) and connective tissue abdominal wall (b). Pulp tissue shows degenerative 
changes. evidence odontoblast formation where pulp cells approxi 
mate epithelium. 


were presented but there was evidence cyst formation. The 
transplanted pulp tissue seemed normal and its reticular appearance 
and pale staining stellate cells differentiated distinctly from the 
surrounding connective tissue. 
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the sections the tissue removed days after implanta- 
tion (fig. 6), the structure the pulp more nearly approached that 
the surrounding connective tissue. Small areas amorphous ma- 
terial the pulp tissue this stage were identified beginning 
degenerative changes. all sections observed after days im- 
plantation (fig. 7), epithelial cysts varied size were found but none 
attained large size those observed Series II. They were, how- 
ever, similar both form and histological detail. time 
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Fic. Same fig. days after transplanting. small epithelium lined cyst was 
formed. The central cavity contains the remains degenerated squamous cells and 
occasional polymorphonuclear leucocytes. islands epithelial cells are shown 
(a). 40). 


days was there any evident change the peripheral pulp cells 
which might suggest that new odontoblasts were being formed. 

evidence the formation either enamel dentin these 
transplants could found. 


DISCUSSION 
While the results the present experiments generally the 
work previous investigators certain conclusions drawn them 
received especially strong support our addition points 
not noted former workers have appeared these studies. 
make the relation our findings those previous workers apparent 
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TRANSPLANTED TOOTH GERM ELEMENTS 


convenient consider the experiments the series separately, 
mentioning the related literature each instance. 

Series I—Pulp and odontoblast transplants. That the transplant 
pulp-odontoblast tissue able survive and produce new dentin was 
first shown Legros and Magitot 1874 (1). This fact has since 
been supported Huggins, McCarrol and Dahlberg (2), Glasstone 
(5, 6), Studisky (7), and others using variety sites for the trans- 
plants and different experimental methods. these workers 
has reported that the odontoblasts retained their form following trans- 
plantation and that normal tubular dentin was produced. 

interesting note that much this recent work stems from 
the original concept Von Brunn regarding the function the enamel 
epithelium tooth development (10, 11). believed that this epi- 
thelium was necessary not only for the differentiation the odonto- 
blasts from the cells the mesodermic papilla but also for the deter- 
mination the form the future tooth and, addition, for the 
control the production dentin. 

The present findings are accord with the results Huggins, 
McCarrol and Dahlberg, who modified Von Brunn’s statement that 
dentin can produced without the enamel epithelium, stating 
that once the odontoblasts have been formed result the epi- 
thelial influence the connective tissue, their future function the 
production dentin does not require the presence the enamel 
epithelium. 

Glasstone (5, has shown vitro experiments that the function 
initiating tooth form inherent the epithelial tissues and 
brought about proliferation and invagination the tissue into 
the mesodermic papilla. She further found that the odontoblasts 
were dependent the epithelial ingrowth for their definitive pattern. 

the present experiments the histological evidence indicated that 
the enamel epithelium while necessary for determining the form the 
tooth, not essential for maintaining this form once layer calci- 
fied dentin has been established. was demonstrated the large 
areas newly formed dentin which was observed that the first 
layer dentin deposited was always irregular and not histologically 
typical, while the succeeding dentin formed was controlled the 
outer layer and resulted normal tubular dentin deposition. 

summary the results date the experimental development 
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the isolated papilla indicate that the enamel epithelium, whole 
part, necessary for odontoblast formation and for establishing the 
pattern for the future tooth. This epithelium not essential, how- 
ever, for the production dentin after the odontoblasts have been 
formed for maintaining the form the dentin once layer calci- 
fied tissue has been laid down. 

Series II—Isolated enamel epithelium transplants. The histological 
evidence these experiments clearly indicates that the isolated enamel 
epithelium does not possess the ability induce osteogenic changes 
the connective tissue cells the ovary. all instances the trans- 
planted tissues lost their characteristic cell pattern and survived 
epithelium the baso-squamous variety, which subsequently formed 
epithelial cysts. This newly formed tissue exerted observable influ- 
ence the connective tissue fibroblasts which might suggest osteo- 
blast formation, nor was any evidence calcified tissue found. 

The cytomorphosis the isolated enamel epithelium transplanta- 
tion has been previously observed Huggins, McCarrol and Dahl- 
berg (2) who reported that changes occurred the connective 
tissue the abdominal wall nor were there any epithelial cysts found, 
other than large areas degenerating squamous cells which they 
called pseudocysts. That this epithelium their experiments failed 
form cysts such observed might explained the differ- 
ence the host tissue and the fact that the transplants the ovary 
were influenced less the bodily movements the animal than those 
the abdominal wall. 

The failure the ameloblasts survive, such, the transplants 
supports the fact previously shown that they retain their cylindrical 
character only the presence the mesodermic elements the 
developing tooth. Since these enamel producing cells are differen- 
tiated from the ingrowing oral epithelium and become highly func- 
tional relatively early tooth development unlikely that they 
played any part the formation the stratified epithelium. Rather 
would indicate, since new enamel was produced, that they de- 
generated, and the less specialized cells the outer enamel epithelium 
were responsible for the formation the more embryonic type 
baso-squamous epithelium which characterized all the grafts. 

The stratified epithelium was found produce scattered islands 
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TRANSPLANTED TOOTH GERM ELEMENTS 


and strands epithelial cells similar appearance the epithelial 
rests found the peridental membrane all animals following tooth 
eruption. These epithelial rests were thought Malassez (12) 
derived from the dental lamina and the outer layer the enamel 
organ during embryonic development the dental tissues and, 
later life, constitute the anlagen dental and adamantine tumors. 
Most investigators have since accepted Malassez’s ideas. The present 
findings would lend experimental support his theory view the 
fact that the stratified epithelium the transplants was derived from 
the enamel organ and that all cases epithelial cysts histologically 
similar the simple cysts occurring the human jaws were formed. 

Series pulp plus enamel epithelium transplants. 
The results from the third series transplants cast some new light 
the subject the relationship between epithelial and connective tissues 
tooth formation. 

Glasstone’s work (5, showed that the enamel epithelium exerted 
organizing influence the cells the mesodermic papilla, re- 
vealed the appearance odontoblasts immediately after the differ- 
entiation ameloblasts and only when ameloblasts were present. 
our experiments, however, the failure the enamel epithelium pro- 
duce odontoblasts from the cells the pulp, indicate that once the 
ameloblasts enter into the production calcified elements they lose 
their organizing power and are thereafter incapable influencing the 
connective tissue. might suggested alternatively that the cells 
the pulp tissue are unable respond again the epithelial stimulus. 
This hypothesis, however, appears less likely than the former since the 
connective tissue cells the pulp are less removed from the embryonic 
type tissue than the highly specialized ameloblasts and should 
capable responding form-producing stimulus. 

The results obtained previous workers indicate that mutual 
dependence exists between the epithelial and connective tissue, 
which the initial stimulus for growth and differentiation provided 
the epithelium, which later becomes wholly dependent upon the 
connective tissue for the maintenance its cell pattern and enamel 
producing function. That the enamel epithelium the present ex- 
periment failed survive such but changed the stratified type 
with small epithelial cyst formation, shows that not even the closely 
allied pulp tissue capable maintaining the definitive pattern 
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this epithelium but that must dependent either the odonto- 
blasts the products these cells for its form and function. 


SUMMARY 


Various portions the soft tissues the developing teeth 
young female dogs have been transplanted the ovaries the 
abdominal wall the same animals. 

experiments which the odontoblast-pulp tissues were 
transplanted into the ovaries, the odontoblasts retained their form and 
produced histologically normal tubular dentin after days implanta- 
tion. The transplanted tissues showed greater capacities for differ- 
entiation the ovary than the other sites transplantation pre- 
viously used. 

Transplanted isolated enamel epithelium experiments was 
found produce organizing effect the connective tissue fibro- 
blasts the ovary. each case the enamel epithelium failed 
maintain its cellular pattern and survived stratified epithelium 
the baso-squamous variety, which after days implantation formed 
epithelium-lined cysts histologically similar the simple epithelial 
cysts occurring human jaws. 

experiments odontoblast-free pulp tissue surrounded 
enamel epithelium was transplanted into the connective tissue the 
abdominal wall. Seven days following implantation the enamel epi- 
thelium had changed the baso-squamous type which subsequently 
formed small epithelial cysts. This epithelium failed induce any 
changes the cells the pulp tissue suggestive odontoblast 
formation. 

Evidence presented which indicates that the enamel epithelium 
not essential for maintaining the form the dentin once layer 
calcified tissue has been deposited. 

suggested that the failure the enamel epithelium stimu- 
late odontoblast formation from the cells the pulp tissue was due 
the fact that once the ameloblasts begin the production enamel 
they are longer capable influencing the connective tissue cells. 


The author wishes acknowledge indebtedness Dr. Willard Allen, Dr. George 
Corner, Dr. Basil Bibby and Dr. Harold Hodge for constant interest during the 
progress the experiments. 
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EFFECTS THYROIDECTOMY AND THYROID STIMU- 
LATION GROWING PERMANENT DENTITION 
RHESUS 


DANIEL ZISKIN, ann EDMUND APPLEBAUM, 
School Dental and Oral Surgery, Columbia University, New York, 


Two groups rhesus monkeys were used this study. Group 
Five these were subjected thyroidectomy alone; 
were castrated well thyroidectomized. all cases the para- 
thyroids were reimplanted. Group II: normal females, injected 
with thyrotropic hormone. 


METHODS 


Diets were carefully compounded and the animals were observed regularly. Each ani- 
mal was given more injections per cent solution Alizarin red (Coleman 
Bell) pre-experimentally, followed from injections during the course experi- 
mentation. The dye was injected intraperitoneally. The dosage ranged from 
mg. per kilogram body weight. One red line for each Alizarin injection formed 
the growing dentin and, sectioning the teeth, these lines are clearly visible under the 
microscope. measuring between the lines with filar eyepiece micrometer the rate 
growth, pre-experimental and experimental, was determined the same animal. 
(Some animals, fig. (ABC) shows, were used general controls for studying rate 
dentin growth). addition, the Grenz ray was used for studying calcification. Details 
are listed the accompanying Table 


GROUP I—THE EFFECTS THYROID ABLATION 


definite line dentin hypoplasia, corresponding with the date 
thyroidectomy established the Alizarin lines, was seen all 
cases The rate dentin apposition, determined 
the methods described, was found retarded per cent 
when compared with control measurements the same animal 
(Table I). the castrated-thyroidectomized animals the rate 
growth the dentin was impeded such extent that reliable 


This study aided grant from the Rosenwald Family Association. 
Presented the 18th General Meeting the International Association for Dental 
Research, Philadelphia, Pa., March 13th, 1940. (J. Res. 19: 000, 1940.) 
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Fic. and 492—Normal ground section. (Mag. 
Showing rate dentin apposition four alizarin lines and normal density 
Grenz ray (1B). Ten days time elapsed between lines and days between 
lines and and days between lines and measurements are taken 
along direction dentinal tubules. 

Occlusal; Mesial; Distal; Cervical. The figures show daily rate 
dentin apposition; Average. 

Fic. 1C. Higher power from same material (Mag. occlusal 
region. Shows contour lines Owen which were stained alizarin 
ground section. 
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DENTAL EFFECTS THYROIDECTOMY 


TABLE 


Effect thyroidectomy and thyroid stimulation the developing permanent dentition 
young rhesus monkeys 


NO. 
1930) 
2300 
| 
2560 
1720 
1880 
2000 
2100 


| 
} | | 
| | | 


NO. OF ALIZ- 
ARIN 


iNJECT. 


EXPERIMENTAL PROCEDURE 


Operation 


Thyroidectomy. 
Parathyroids 
implanted 

Thyroidectomy. 
Parathyroids 
implanted 


Thyroidectomy. 


Parathyroids 
implanted 
Thyroidectomy. 
Parathyroids 
implanted 
Thyroidectomy. 
Parathyroids 
implanted 


Thyroidectomy and 


castration. 
thyroids reim 
planted 


Thyroidectomy and 


castration. 


planted 


None 


None 


re- 


Treatment 


treatment 


treatment 


treatment 


Parathormone 
(Lilly) 


Progynon 
days 


Progynon 
days 


thyro- 

mone 
days* 

thyro- 
mone 
days* 


tropic hor- 
mone 
days* 


| EXPERI- | 


175 


Exp 


DAYS OF | 


MENT 


Exp 


Exp 


Exp 100 


| 


Exp 


Exp 


Exp 


Exp 


Exp 


DAILY RATE OF 


DENTIN APPOSITION 


Retardation 
40% 59% 


Retardation 
about 56% 


Retardation 


about 90% 


Retardation 
about 85% 


change 
noted 


Retardation 
Exp 


30% 40% 


Retardation 


67% 


Accelerated 


about 20% 


Accelerated be- 


tween 25% 
and 60% 


tween 10% 
and 25% 


Thyrotropic Hormone mg. flavianate powder extract anterior pitui- 


tary gland. 


Pre-experimental; Exp Experimental. 
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measurements were not obtainable. Substitution the estrogenic 
hormone did not seem aid the growth process materially. 
Calcification the dentin the entire group was disturbed 
significant degree judged the following criteria: The pre- 
dentin zone was greatly increased width (up over 150 micra 


Fic. 2A. and 540 ground section. (Mag. 
Increased rate growth was indicated micrometer measurements Alizarin 
lines. Normal density dentin shown Grenz ray photograph, (2B). 

(Note: Lateral plates enamel are not yet calcified this specimen. The direction 
enamel calcification has recently been discussed Diamond and Weinmann [Enamel 
Human Teeth, New York, Columbia Univ. Press: 1940].) 

Fic. 2C. Higher power (160 fig.2A. occlusal region. Shows contour lines 
Owen which were stained Alizarin the ground section. 


some areas). The Grenz ray pictured the calcium deficiency 
even more extensive than seen under the microscope. showed most 
the dentin formed after thyroidectomy incompletely calci- 
fied not recordable the Grenz ray negative. Each 
injection alizarin, equal dosage, produced brighter and more 


ap 


Fic. and 534 (Thyroidectomized). Mesio-distal ground section “A” 
(Mag. and Grenz ray negative same section Composite picture. De- 
creased rate growth indicated micrometer measurements. Abnormal calcification 
dentin seen both “A” and Note accentuated incremental line “A” 
(identified the letter line corresponds with the date thyroidectomy 
identified Alizarin lines and the thyroidectomy line. When Grenz ray was 
superimposed over line identified coincided with thyroidectomy line 
noteworthy that dentin formed after thyroidectomy shown these illustrations, 
following lines “T” and “T’” poorly calcified. 

Fic. 3C. 534 (Mag. 350 Mesio-distal ground section. High power simi- 
lar section 534 shown fig. 3A. Note highly globular dentin and predentin, 
showing poor calcification. 

line; Predentin; Pulp chamber (forming). 
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clearly defined red line the well-calcified areas than those poorly 
calcified. That is, the pre-experimental dentin stained much more 
brilliantly than the experimental. 

Calcification the enamel was also abnormal. However, pres- 
ent our enamel studies are incomplete. 


GROUP II—THE EFFECTS THYROID STIMULATION 


The monkeys this series were given thyrotropic 
(Table I). All showed some increase the rate dentin apposition 
(Table and The rate increase varied from 
per cent per cent different animals and different areas 
dentin the same animal. There was also variation the toxic 
effect the hormone. While the dosage was uniform cc. daily), 
one animal lived only days, second days, and the third, 
days. 

The effect calcification, using the same determining methods 
outlined for Group was follows: The pre-dentin zone ranged 
from normal slight increase. Grenz rays showed calcification 
normal (fig. The alizarin lines were distinct. Normal calci- 
fication was evident. 


DISCUSSION 


The calculations this study were controlled observations made 
result pre-experimental alizarin injections the same animal. 

The significance the data derived from these experiments lies 
the relationship between the thyroid secretion and the rate growth 
and calcification the dentin. 

review previous studies along related lines inquiry, suggests 
that the calcification process the teeth may also depend upon 
functioning relationship between the secretions the thyroid and 
parathyroid glands well the pituitary gland. Ina report dealing 
with early thyro-parathyroidectomy rats, noted that 
thyro-parathyroidectomy causes severe retardation growth and 
development generally. There retardation about the 


are indebted Dr. Maxwell Karshan Columbia University, who prepared the 
thyrotropic hormone used these experiments, after the method George Smelser. 
(Endocrinology, 23: 429, 1938.) 


DENTAL EFFECTS THYROIDECTOMY 


weights the mandibles new-born and seventh-day operated ani- 
mals...” (1) Dentin development was severely retarded, but 
calcification was not appreciably disturbed. study concerned with 
“The Effects Hypophysectomy Growing Teeth Young Rhesus 
(2) showed the rate growth the dentin greatly 
impeded, while calcification the dentin was not grossly affected. 
the two experiments cited, the calcific-traumatic line was not 
clearly visible the thyroidectomy study here presented. 

Considering the findings all three studies, see that the most 
extreme effect produced when the thyroid gland only removed. 
Other glands may involved. 


CONCLUSION 


The thyroid gland important factor the rate dentin 
growth and the quality dentin calcification evidenced 
thyroid ablation and thyroid stimulation. 


wish express our thanks Dr. Earl Engle Columbia University for his 
aid this study. 
REFERENCES LITERATURE 


E., N., AND APPLEBAUM, E., Res., 19: 93, 1940. 
E., AND APPLEBAUM, E., Res., 18: 287, 1939. 


THE MICROBIC FLORA BACTERIAL PLAQUES 
REMOVED FROM CARIOUS AND NONCARIOUS 
DENTAL ENAMEL 


ELIZABETH HEMMENS, BLAYNEY anp HARRISON 


Walter Zoller Memorial Dental Clinic and the Department Bacteriology and 
Parasitology, University Chicago, Chicago, 


The bacterial flora the mouth subject which, because its 
complexity and variation, has excited the interest many workers 
the dental field. The pioneer observations Miller, Leon 
Williams, Black and others, describing many the bacterial 
types present the mouth, established the basis for more recent in- 
vestigations. Extensive studies have been made upon certain groups 
the oral bacteria. The filamentous forms, for example, have been 
investigated Beust (1) and Bibby (2), the fusiform bacilli have 
been classified Slanetz and Rettger (3), Varney (4) and Hine and 
Berry and Gins (6) has described many nonsporulating anaerobes 
isolated from various pathological lesions the mouth. Lactobacilli, 
streptococci, micrococci, yeasts and other aerobic and facultatively 
anaerobic microorganisms have been studied many workers. The 
stained smear studies Bibby (7) and Bibby and Hine (8), which 
have yielded valuable information the distribution bacteria 
the mouth, and the investigations Kligler (9) the bacteria asso- 
ciated with different stages dental caries are well known. 

Most these studies have been conducted upon samples saliva, 
mouth rinsings and swabbings, particles food removed from gingival 
crevices and interstices between the teeth, samples material from 
cavities. While such cultures certainly provide valuable information 
about various aspects the dental caries problem they may not 
reflect the conditions the surface sites initial caries activity. 
adequate understanding the bacteria the progress the 
carious lesion through the enamel and into the dentin depends, 
some extent least, upon identification the bacterial species which 


may become established the enamel surface,—upon knowledge 
the part played these bacterial populations the initiation the 
caries process. This approach the study the bacteriology 
dental caries not new, having had its origin before the turn the 
century the studies Black (10) who made the important 
observation that enamel caries proceeds under bacterial plaque, 
thin, tenacious, felt-like layer mixed bacterial species 
closely adherent the enamel surface. Although this point view 
has continued gain adherents the intervening years, compara- 
tively few studies have been made upon the total bacterial flora 
the plaque. 

common knowledge that, although decalcification enamel 
occurs underneath plaques which are apparently present continuously, 
similar plaques appear areas the teeth which have undergone 
visible change structure and which may remain caries-free through- 
out life. This fact prompted one (J. B.) make micro- 
scopic study plaques effort determine whether there 
difference the bacterial forms included those covering enamel 
lesions compared with those removed from sound enamel. This 
investigation led the demonstration (11) that bacteria morphologi- 
cally like the group and group lactobacilli Hadley, Bunting and 
Delves (12) were usually present large numbers plaques obtained 
from areas initial caries activity and that per cent the 
plaques removed from areas without caries activity these types were 
either totally absent present only small numbers. cultural 
study, designed reveal only aciduric microorganisms, was then made 
similar series plaques parallel with the direct microscopic 
examination, each plaque specimen being divided for simultaneous 
investigation both methods. These experiments (13) confirmed 
the original findings indicating, culturally well morphologically, 
the association lactobacilli these morphological groups with (not 
necessarily causation of) caries activity. 

Other experiments with different approach have also shown dif- 
ferences between plaques. Such experiments include those Stephan 
(14) which suggest differences the acidogenic capacity the micro- 
organisms different plaques. Most the bacteriological studies 
have been limited, however, certain parts the total flora. Since 


BACTERIAL PLAQUES: MICROBIC FLORA 


more than one organism may directly implicated the carious 
process, and inasmuch possible that the activities any one 
constituent may dependent upon modified the associated 
flora, desirable explore the total bacterial content including 
fluctuating well fixed inhabitants. There has been attempt 
which the authors are aware make complete survey the 
microorganisms the bacterial plaque, anaerobic well aerobic, 
nonacidogenic addition acidogenic forms. preparation for 
such study number experiments have been conducted de- 
termine the efficacy several techniques preparation and cultiva- 
tion plaque material. The present report concerned with some 
the results obtained these preliminary studies. 


METHODS 


obtaining material for culture, contamination with saliva and food debris was 
avoided much possible. The area from which the plaque was removed was 
washed thoroughly with water, dried stream air and isolated from the rest the 
mouth with cotton packs. proximal surface was cultured, separator was 
applied allow the passage thin bladed instrument over the enamel surface 
immediately gingival the contact point. The plaque was removed with sterile 
scaler and transferred few drops sterile veal infusion broth Wassermann tube 
small vial. earlier experiments this tube was placed one arm U-tube which 
contained dry pyrogallic acid and sodium carbonate the other arm. After addition 
water produce pyrogallate both arms were sealed with rubber stoppers. The 
anaerobiosis produced this method was not complete but the purpose the procedure 
was only aid the protection delicate anaerobes until cultures the material could 
made. This precaution was discarded after about one-fourth the samples had been 
cultured when comparison cultural results with and without the method revealed 
apparent qualitative quantitative differences. The remaining plaques were handled 
aerobically and cultured soon possible, usually within few minutes, never with 
interval more than hours. 

Plaques were prepared for culture trituration the tube which they were col- 
lected with sterile glass rods and emulsification means vigorous pipetting after 
the addition 0.3 cc. veal infusion broth. drop the suspension was inoculated 
streaking each three blood agar plates. The remainder the sample was made 
volume 1.0 cc. with Jay’s broth (15). After thorough mixing 0.4 cc. was spread 
over the surface Kulp’s acid tomato agar plate modification (16)] and the 
rest pipetted into sterile Wassermann tube and incubated Jay’s broth culture. 
The Kulp’s agar plate, Jay’s broth and blood agar plate were incubated aerobically. 
The remaining blood agar plates were incubated desiccator which was exhausted 
with vacuum pump, flushed with gaseous and re-exhausted until pressure 
cm. mercury remained. small amount alkaline pyrogallol the desiccator was 
sufficient absorb the residual the medium. Since none the microorganisms 
recovered from the blood agar cultures was obligately aerobic and all forms which grew 


aerobically also developed anaerobic plates, was possible omit the aerobic blood 
agar plate from the procedure early the series. 

Cultures were incubated 37° for days. the earlier experiments one 
the anaerobic blood agar plates was incubated for weeks order detect any slowly 
growing species which might present. This step was discontinued when became 
evident that growth all forms which were recovered occurred within days. 

After incubation, plates were examined with the aid low power binocular micro- 
scope and representative colonies were picked for study. Cultures were examined for 
colony and cell morphology, staining properties, hemolytic activity, oxygen requirements, 
acid tolerance and acid production. Acid tolerance was determined testing the ability 
grow Jay’s broth and Kulp’s agar. The acidogenic properties were measured 
cultivation per cent glucose broth containing brom-cresol-green indicator. Results 
such colorimetric estimation were supplemented most cases with potentiometric 
readings using the quinhydrone system, particularly those instances which insufficient 
acid was produced show detectable changes the indicator. 

was necessary, course, determine the presence absence caries activity 
the areas from which the plaques were removed the time obtaining the material. 
The difficulties involved the clinical diagnosis very early lesions are well recognized. 
each case, therefore, careful clinical examination was supplemented roentgenolo- 
gicalstudy. feel that impossible detect early caries activity the approximal 
surfaces teeth without the aid x-ray films which clearly show the areas under consid- 
eration. Whenever there was the slightest doubt the clinical findings the opinion 
another examiner was obtained. All clinicians are aware the fact that gingival 
etchings labial buccal surfaces may become arrested when the environmental condi- 
tions are modified and that some cases impossible determine immediately the 
lesion active inactive. this study, all plaques removed from area which re- 
vealed etching were classed “carious plaques.” 


RESULTS 


The data included this report represent cultures from different 
mouths only which were completely free carious lesions the 
time examination and collection samples. Cultures were pre- 
pared from plaques, from carious areas and from noncarious 
surfaces; almost all them from proximal surfaces. The condition 
the tooth beneath the plaque was taken basis for separation 
and tabulation culture findings presented Tables and II. 
Two the plaques” were incubated the acid media only; 
hence only are included Table 

the non-aciduric flora (Table diphtheroids constituted the most 
common single colony type and when present were frequently the 
predominant organism single sample. Nonhemolytic, gram 
positive diplococci, which there were colony forms, were, however, 
somewhat more frequent the whole series than diphtheroids. There 


TABLE 
Incidence certain nonaciduric microorganisms bacterial plaques 


INCIDENCE 
MICROORGANISMS Carious areas Non-carious areas 
(39 plaques) (39 plaques) 
Alpha hemolytic streptococci, all 


Gram positive, non-hemolytic diplococci, 


Large, gram negative diplococci, all 


Gram positive diplo-coccobacilli............ 
Small, gram negative, anaerobic 


This figure does not represent the sum the various subgroups but indicates the 
number samples which one more the subgroups was found. 


TABLE 
Incidence microorganisms bacterial plaques 
INCIDENCE 
Cari 


Number Number Percentage 


17* 


were colony types alpha-hemolytic streptococci (so-called green 
streptococci) and while none these was isolated frequently the 
diphtheroids the group whole was far more prevalent the plaque 
flora than any other bacterial group. Although not isolated from 
few the samples, seems probable that streptococci were present 
all the plaques, failure culture them being due perhaps over- 
crowding, overgrowth other bacteria some other technical mishap. 

The next most common forms among the various species isolated 
were the anaerobic fusiform bacilli which were cultivated from more 
than half the samples studied. Other microorganisms, less numer- 
ous and less frequently isolated, were unidentified gram positive 
small rod, aerobic gram positive cocci classed micrococci and gram 
negative cocci (Neisseria), leptotrichia and actinomyces, gram posi- 
tive diplo-coccobacillus which, though morphologically unlike the 
lactobacilli, may belong that group, and small anaerobic gram 
negative coccus which was found occasionally. Some the cultures 
have been studied for final classification and others not. 

Filamentous rods have been observed constantly smear prepara- 
tions the plaque samples but were isolated culture from only 
about one-half the specimens. This indicates the need for further 
changes the bacteriological techniques employed the cultivation 
the plaque. 

all the nonaciduric types recovered, the cocci, and more espe- 
cially the streptococci, were the most active acid producers. Many 
these strains lowered the reaction glucose broth 4.0 within 
hours. Some the diphtheroids and fusiform bacilli were 
able reduce the reaction point low Despite the 
marked ability these organisms produce acid none the types 
isolated blood agar was able survive long after the culture 
medium had attained the final acidity indicated above, and none 
them grew the media used for the isolation and cultivation the 
aciduric forms. This was true all the types recovered with the 
possible exception the gram positive diplo-coccobacillus which was 
not tested. should noted that all the aciduric microorganisms 
that were isolated (Table are able grow blood agar although 
the growth some them relatively feeble. These forms are 
difficult isolate neutral media when accompanied nonaciduric 
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organisms, especially when the latter are more numerous. This may 
attributed, partly least, the effects overcrowding particu- 
larly the more rapidly growing forms. any rate they were 
not found the blood agar cultures this series. 

The incidence the various groups nonaciduric organisms was 
about the same cultures plaques from noncarious areas 
those from carious areas. None the microorganisms was restricted 
either area and there was striking difference the general 
character the respective flora. Insofar such preliminary data 
can interpreted the forms isolated may taken representative 
the basic flora the plaque, and specific relationship any 
these forms with the carious process indicated the findings re- 
ported here. The somewhat higher incidence smooth colony 
streptococci caries plaques and the rough colony form plaques 
from sound surfaces were minor and perhaps insignificant differences 
between the series. Other differences were the anaerobic cocci 
and the diplo-coccobacilli which although more frequent the carious 
plaques were isolated infrequently enough have little significance 

the present data. 

determination the aciduric flora Jay’s broth was found 
more suitable for the isolation streptococci and micrococci since 
they grew often relatively large numbers the fluid medium and 
were isolated infrequently the solid medium. This was not true 
the yeasts and lactobacilli, however, and proved advan- 
tageous continue primary inoculation both types media. 
may seen reference Table that groups aciduric micro- 
organisms were obtained, none them much per cent 
the samples. Morphological examination smear preparations 
original plaque material indicated greater frequency these forms 
than the cultural findings revealed. believed that further im- 
provement the methods employed will result more frequent 
recovery these organisms. apparent from the present data, 
however, that none them restricted either carious non- 
carious areas, although the lactobacilli were isolated more often from 
carious areas and aciduric streptococci somewhat more often from non- 
carious areas. should noted that every instance which 
lactobacilli were recovered from plaque from noncarious area 
there was active caries elsewhere the mouth. 


DISCUSSION 


The findings summarized this paper have been obtained the 
course investigation methods for the isolation and study 
the total flora the dental plaque. There need for further modifica- 
tion techniques and for continuation the investigation until 
number samples sufficient permit statistical analysis have been 
studied. 

The data presented not represent all the microorganisms obtained 
culture. listing the non-aciduric flora incidence per 
cent either the caries non-caries series was taken arbitrarily the 
limiting point for this preliminary tabulation. There were several 
other organisms which were isolated less frequently, some them from 
only samples. Since these appeared erratically and small 
numbers they may represent transient flora and salivary contaminants. 
the other hand, conditions under which the specimens were 
handled may have increased the possibility missing those constit- 
uents the flora which are present smaller numbers. These were 
the difficulty obtaining the whole plaque from area almost 
contact with the adjacent tooth, and the necessity diluting the speci- 
men for the preparation number cultures. These factors might 
account for the relatively low incidence aciduric organisms 
plaques from carious areas. Other plaque studies this laboratory 
which the whole specimen was used for cultivation aciduric forms 
resulted much greater percentages isolation. 

The plaques studied were divided into groups the basis the 
clinical diagnoses the areas covered them. Handling large 
series manner similar that followed this study should provide 
adequate method determining what microorganisms are asso- 
ciated with lesions the enamel. should also supply some evi- 
dence any association with caries activity but would probably fall 
far short proof. For example, obvious that some the areas 
apparently sound enamel may areas beginning activity, that 
any microorganisms associated with this activity could present 
before there clinical evidence early lesion. equally 
obvious that plaque covering lesion any organisms which might 
associated with activity could disappear long before reasonably 
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accurate clinical diagnosis inactivity could made. For such 
reasons much more complicated procedures are necessary before really 
convincing correlations with caries activity can expected. 

The frequent isolation fusiform bacilli from the bacterial plaque 
considerable theoretical interest. These organisms require an- 
aerobic conditions for propagation pure culture the laboratory. 
Their presence considerable numbers bacterial masses micro- 
scopic thickness exposed, well aerated surfaces the teeth indicates 
the action some protective mechanism the plaque, probably 
exerted aerobic organisms. This observation not presented 
suggestion that these organisms may play some the etiology 
dental caries. does serve, however, emphasize the point view 
that anaerobic microorganisms cannot eliminated from considera- 
tion merely the basis that caries begins aerobic environment. 
interesting also example bacterial association. Such 
relationships may symbiotic—mutually advantageous for the or- 
ganisms concerned—merely commensal with necessary effect one 
organism upon another, even antagonistic. Since such associative 
phenomena almost certainly occur any mixed bacterial population, 
seems axiomatic that investigations the bacteria the 
etiology dental caries all the microorganisms present should 
studied not only individual species but also mixed flora. Han- 
son, Fosdick, and Epple (17) have reported case associative 
activity the finding that certain strains lactobacilli produce lactic 
acid slow rate when operating alone, rapid rate when func- 
tioning together with yeast. 


SUMMARY 


The results preliminary, small series cultures bacterial 
plaques from carious and noncarious enamel are presented and the 
cultural methods described. Certain nonaciduric microorganisms 
including some anaerobes are listed possibly representing the basic 
flora the plaque. these only alpha-hemolytic streptococci 
smooth colony type were found more frequently plaques from cari- 
ous areas than those from sound enamel. Among the aciduric 
microorganisms isolated only lactobacilli were recovered with much 


greater frequency from carious than from noncarious areas but these 


rms were not found, the methods used, all the caries plaque 


samples studied. 


Noe 
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THE ISOLATION MELANIN-LIKE SUBSTANCE FROM 
CARIOUS ORGANIC MATRIX HUMAN 


MARTIN DEAKINS, D.D.S., 


From the Department Biochemistry and Pharmacology, School Medicine and 
University Rochester, Rochester, New York 


One the chief characteristics dental caries the dentin pig- 
mentation. This condition exists some degree most dentinal 
lesions clinically diagnosable caries. spite its ubiquity, 
one has made any attempt study the pigment chemically, hence 
nothing known about its origin, composition, significance. 
may specific product pigment-producing bacteria present 
the mouth, but the author could find evidence the literature 
support such hypothesis. One may more reasonably suppose that 
the pigment melanin because its color, relative insolubility, and 
apparent formation situ. 

The following work, based that supposition, attempt 
isolate the pigment from carious dentin and identify its ele- 
mental composition. 

Not only the properties the pigment, but also the amounts 
available for analysis governed somewhat the methods employed. 
“Melanin,” exists naturally wool, skin, hair, and other places, 
attached protein moiety and can extracted from the tissue, 
this combined form, with dilute acid alkali (1, such 
extraction relatively large amounts material are necessary. Such 
quantities carious dentin being unavailable, attempt was made 
obtain the pigment dilute acid extraction. However, when 
concentrated acid hydrolysates (e.g., per cent the carious 
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dentin were prepared, weighable quantities black, insoluble pig- 
ment were obtained. Hence, this procedure was followed. 

There are possible sources pigment prepared prolonged 
hydrolysis concentrated acid which should considered before 
discussing the nature the pigment present obtained from 
carious dentin. The first source the naturally occurring melano- 
protein just mentioned. Strong acid hydrolysis this compound 
slowly breaks the pigment-protein combination, liberating the pig- 
ment (2) which, itself, sometimes called substance 
second source proteins containing tryptophane (6). 
From such proteins, strong acid hydrolysis also produces insoluble, 
black pigment condensation the tryptophane with aldehyde 
group (7). This pigment has properties similar the one derived 
from melano-proteins and presumably the same. Because these 
origins melanin, cannot said, the basis the 
present work, whether the pigment present carious material 
melano-protein condensation product formed some manner from 
the amino acids present the organic matrix. either case, how- 
ever, one should obtain pigment hydrolysis. 


METHODS 


Teeth from the extraction room were put immediately into water with little chloro- 
form and kept the ice box until used. The carious area each tooth was scrubbed 
well possible with brush and water remove any food debris, and the carious ma- 
terial was scraped from the cavity with spoon excavator. was then left over night 
per cent decalcified, washed with distilled water until free from acid, dried 
vacuo 110°C. for hours, and kept CaCl, dessicator until weighed the 
micro-balance. This dried, carious material from individual cavities (15 mg.) 
was hydrolyzed cc. per cent 110°C. for hours. black pigment 
formed which was filtered pre-weighed asbestos micro-filter suction. The pig- 
ment was washed several times with water, dried vacuo 110° for hours, cooled, 
and weighed the micro-balance. Triplicate nitrogen determinations were then made 
each sample (8). Five larger pooled samples carious material (0.5 1.0 g.) were 
prepared the same manner and analyzed for carbon and hydrogen (9). The oxygen 
content was found difference, assuming that sulfur present the pigment. 
sulfur determinations were made. 

For analyses normal tissue, only coronal dentin from noncarious teeth was used. 
The teeth were decalcified before and the crown each tooth cut from the root 
the neck. After removing the pulp tissue, the coronal dentin was also washed, dried, 
weighed, and hydrolyzed. This procedure was repeated several times, but case did 
the hydrolysate from non-carious dentin yield any insoluble pigment; trace soluble 
coloring matter was formed, much less than was always present the carious hydrolysates. 


MELANIN-LIKE SUBSTANCE: CARIOUS MATRIX 


RESULTS 


Amount pigment carious matrix. Nine pooled and samples 
carious material from individual cavities yielded average 3.78 
per cent pigment, based the dry weight the decalcified carious 
matrix. The range values was 2.19 6.45 per cent (Table I). 


TABLE 
The amount pigment decalcified, dry, carious matrix dentin and the nitrogen 
content the dry pigment 
PERCENTAGE 
SAMPLE OF PIGMENT IN | PERCENTAGE OF 
NUMBER DECALCIFIED NITROGEN IN TYPE OF CAVITY REMARKS 
CARIOUS PIGMENT 
MATERIAL 
2.31 3.06 Pooled 
Pooled 
4.57 4.54 Closed Hard, light 
2.19 Open Hard, black 
8.21 Open Hard, black 
2.19 Closed Soft, light 
5.94 4.55 Pooled, dark brown 
3.32 Pooled, light grey 
4.21 4.07 Open Soft, grey 
3.97 3.63 Closed Firm, brown 
4.45 Open Firm, brown 
4.28 Pooled 
3.54 Open Hard, brown-black 
2.36 Closed Soft, light brown 
4.20 5.00 Pooled, brown 
4.50 4.19 Pooled 
6.45 Open Hard, black 
4.85 6.30 Open Very hard, black 
2.91 6.41 Open Soft, grey-brown 
2.93 Open Soft, black 
2.90 6.41 Pooled 
4.41 Pooled 
Average..... 3.78% 5.09% 


Nitrogen content the pigment. Nitrogen analyses pooled and 
individual samples the pigment gave average nitrogen content 
5.09 per the variation being from 3.06 8.21 per cent 
the dry weight the pigment (Table I). 


This the average all the nitrogen values; the 4.27 per cent given Table 
from only the pooled samples upon which carbon-hydrogen determinations were made. 
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Carbon and hydrogen contents the pigment. Carbon and hydrogen 
analyses were made pooled samples the pigment. The carbon 
content averaged 69.51 per cent the dry weight and was quite con- 
stant, ranging only from 68.15 71.12 per cent. The average value 
for hydrogen was 8.3 per cent with range 7.4 9.0 per cent 
(Table 


TABLE 


Elemental analyses the pigment obtained acid hydrolysis carious dentinal matrix, 
percentage dry weight the pigment 


SAMPLE NUMBER CARBON HYDROGEN NITROGEN OXYGEN 
9.0 3.3 
68.15 8.3 4.5 
71.12 8.2 5.0 difference 
69.38 7.4 4.2 
70.39 8.6 
69.51 8.3 4.3 17.9 


TABLE III 
Elemental compositions melanins similarly prepared, but from different sources 
The pigment obtained from carious dentin included for comparison. Values are 


percentages. 

AUTHOR SOURCE 
Piettre Sarcoma 
Waelsch Fuscin 25.68 5.32 
Present work Carious dentin 


Oxygen content the pigment. Oxygen was determined differ- 
ence, neglecting the possibility that sulfur may present the pig- 
ment. The average oxygen content these samples was 17.9 per 
cent (Table II). Various amounts sulfur 5.32 per cent (2) 
have been reported, but not certain that the sulfur atom 

structural component the pigment. 
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DISCUSSION 


From Table will seen that neither the amount insoluble 
pigment nor its nitrogen content have any apparent relationship 
the type cavity the color texture the carious matrix. 

The percentage compositions given Table indicate that the 
pigment melanin although the carbon content higher and the 
nitrogen content lower than that melanins similarly prepared from 
other sources (Table III). The high carbon content may caused 
the presence carbohydrate groups the osseomucoids the 
organic matrix dentin. has been shown that carbohydrates 
increase the carbon content pigments, present the acid hy- 
drolysate (7). The low nitrogen content may due the use 
strong acid for hydrolysis. 

Nitrogen percentages melanins prepared hydrolysis vary with 
the strength acid used and the time, the higher concentrations 
yielding melanins with less nitrogen (3). the case natural mela- 
nins this can explained more complete break-down the 
naturally occurring melanin, which actually melano-protein. The 
protein part contains more nitrogen than the pigment fraction and 
the protein gradually split off the pigment group hydrolysis, 
the nitrogen content the remainder decreases minimum 
about per cent. This probably the point complete hydrolysis 
where all the protein has been removed, leaving pigment (1, 2). 
Pigment formed from protein tryptophane condensation also shows 
this same variation nitrogen content with different conditions, but 
this variability not easily explained (3, 7). 

With the elemental composition melanins dependent the 
conditions hydrolysis, whether from natural melano-proteins 
from condensation amino acids, necessary when comparing 
analyses them sure that the conditions preparation are the 
same. The values given Table III for comparison are all from 
melanins similarly prepared, but from different tissues. They show 
that the composition pigment from carious dentinal matrix re- 
sembles that from other sources. 

seems reasonable conclude, therefore, that the pigment pre- 
pared this work melanin formed one possible ways. 
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realized that the derived pigment not necessarily the same the 
one found carious material before hydrolysis, and that the mecha- 
nism formation the latter still obscure. However, clearly 
shown that some change takes place the organic matrix during 
caries, giving rise hydrolysis with acid pigment which could 
not prepared from noncarious dentinal matrix. 


SUMMARY 


Hydrolysis carious organic matrix teeth per cent 
110°C. for hours yielded 3.78 per cent black, insoluble pig- 
ment. Elemental analyses showed that contained the average 
69.51 per cent carbon, 8.31 per cent hydrogen, 5.06 per cent nitrogen, 
and 17.91 per cent oxygen. with analyses melanins 
similarly prepared from other sources, these values indicate that the 
pigment obtained melanin. 

insoluble pigment could obtained from noncarious matrix. 

From both carious and noncarious dentinal matrix some soluble 
pigment was obtained, the amount being considerably greater the 
carious. This form was not studied further. 
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MAGNESIUM DETERMINATIONS ALL THE DENTIN 
FROM SOUND AND CARIOUS 


HELEN TEFFT, A.B., ETHEL FRENCH, 
HAROLD HODGE, 


From the Department Chemistry, College Arts and Science, and the Department 
Biochemistry and Pharmacology, School Medicine and Dentistry, 
The University Rochester, Rochester, 


INTRODUCTION 


Several investigators have reported that carious whole teeth have 
higher magnesium content than sound teeth (10), (11), 
ever, such comparison has been made enamel dentin sepa- 
rately. Having hand, number samples comprising all the 
dentin from teeth with known histories (7) and upon which con- 
siderable amount analytical data has been obtained (3), seemed 
especial value determine the magnesium percentages and 
compare the average magnesium values for sound and carious teeth. 
Our results have part corroborated previous findings, although they 
demonstrate that magnesium content and caries are not necessarily 
related. 


METHODS 


Teeth obtained from patients whom multiple extractions had been performed were 
separated into enamel and dentin portions LeFevre and Manly (7) according the 
flotation method (8). these samples dentin and enamel, water, organic and inor- 
ganic analyses (7) well Ca, and determinations have been reported 
are reported the results determinations these same samples dentin the use 
8-hydroxyquinoline, according the method Greenberg and Mackey (4) and 
the modification Greenberg, Anderson and Tufts (5). order avoid carrying down 
small amounts with the magnesium hydroxyquinolate precipitates, most the 
was removed first 


DATA 


Table are given the analytical data for the percentages 
for the dentin teeth; the patients, R., L., and 
work was supported part grant from the Carnegie Corporation New 
York. 


provided 19, 14, and teeth, respectively. addition Table shows 
the tooth position, the caries class, and the age and sex the patient. 
Table the ranges for percentages for each patient sepa- 
rately and the over-all range for are given. Here also given the 


TABLE 
Analytical data 
Percentage magnesium dentin samples (based inorganic weight) 


PATIENT FEMALE, AGE PATIENT L., MALE, AGE PATIENT L., MALE, AGE 


Tooth Tooth Caries Tooth Tooth Caries 


Tooth Tooth Caries 
No. Class No. Class 


average percentage for each patient, the general average for all 
the teeth and the standard deviations. 

Table III the average percentage for listed for each patient 
order severity caries and the general average for all the teeth 
the various caries classes. 

The average magnesium content the teeth studied 1.24 
0.25 per cent. The sound teeth have average content 1.06 
per cent; value which fair agreement with the previously 
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published figures, 1.18 (2) and 0.89 (1). These teeth have average 
calcium percentage 35.3 and ratio This ratio 
lower than that, 33.3, calculated from the data Bowes and 
Murray. 

The average magnesium contents and the standard deviations for 
all the teeth the patients are 0.16, L—1.36 
0.24 and L.—1.24 0.31. The slight differences between the 


TABLE 
Summary analytical data (Table 


PATIENT NO. TEETH 
Max. Av. 
1.90 1.24 
TABLE III 


Average values according caries class for each patient dentin (percentage based 
inorganic weight) 


CARIES CLASS 
PATIENT 
1.20 (2)* 1.16 (9) 1.17 (5) 1.18 (3) 
1.04 (1) 1.29 (6) 1.56 (5) 1.19 (2) 
(2) 1.15 (2) 1.24 (4) 1.33 (8) 
General average............ 1.06 (5) 1.21 (17) 1.32 (14) 1.27 (13) 


average values for the patients are not statistically significant. 
These patients differ the amount carious destruction that 
the teeth from are mostly class from mostly classes 
and and from mostly class Some evidence for hypothesis 
that high magnesium content predisposes caries may found 
the higher average magnesium values for the patients (C. and 
L.) having more caries. additional fact the same direction 
found the lower average values for classes and teeth pa- 
tients and (Table III). The average magnesium content 


the teeth constant regardless the degree carious 
destruction, that these teeth there evidence increase 
magnesium accompanying increased carious activity (Table 
However, the teeth and L., there uniform increase 
from caries class the average magnesium content (excepting 
class L.). This may taken support for the idea that 
magnesium increases during carious destruction however 
the possibility exists that the carious teeth had more magnesium laid 
down calcification. Murray (9) has suggested that magnesium 
one the controlling factors specific cell processes involved 
calcification. The finding high magnesium contents certain 
carious teeth may indicate that excess was present the time 
calcification, and that this excess detrimentally affected the physical 
chemical structure the tooth. Perhaps both these hypotheses 
are correct, higher magnesium content may predispose caries and 
magnesium may increase the tooth undergoing carious changes. 


SUMMARY 


The average magnesium content teeth from patients 
1.24 0.25 per cent. 

The teeth from the least carious mouth (E. R.) have average 
magnesium content 1.16 per cent; from the more carious mouth 
(C. and from the most carious mouth (J. L.)—1.24. 

All the teeth from patient have about the same magnesium 
content regardless caries; the teeth from and have in- 
creased magnesium contents with increased degree caries. 


REFERENCES LITERATURE 


D., AND J., Biol. Chem., 120: 677, 1937. 

H., Murray, M., Biochem. J., 29: 2721, 1935. 

Res., 17: 401, 1938. 

GREENBERG, M., AND Biol. Chem., 96: 419, 1932. 

GREENBERG, M., ANDERSON, C., AND V., Biol. Chem., 111: 561, 
1935. 

I., Cosmos, 74: 468, 1932. 

Manty, S., C., Res., 18: 133, 1939. 

M., Biochem. J., 30: 1567, 1936. 

L., Cosmos, 67: 1204, 1925. 


MORPHOLOGICAL, BIOCHEMICAL AND SEROLOGIC 
STUDY ACIDURIC BACILLI 


MURIEL WARNER, M.S., LLOYD ARNOLD, M.D. 
Department Bacteriology and Public Health, College Medicine, University Illinois, 
Chicago, Illinois 
INTRODUCTION 


Are aciduric bacilli which have been found association with dental 
caries identical with those intestinal origin isolated and named 
Lactobacillus acidophilus Moro (1900)? comparison the mor- 
phological, colonial, and biochemical characteristics the aciduric 
mouth bacilli and those acidophilus, undertaken various 
workers, has not settled the question satisfactorily. Moreover, sero- 
logic reactions both types organisms have not been fully studied, 
with the result that their antigenic structure practically unknown. 
While attempts have been made observe agglutination reactions 
these organisms, record has been found the authors the 
application agglutinin absorption tests attempt answer 
the opening question. 

The purpose this paper report biochemical and serologic 
findings; the latter findings limited results agglutinin absorption 
reactions; then seek establish correlationship, there any, 
between data arrived both studies, and finally, show the 
extent any similarity identity existing between the oral aciduric 
organisms and acidophilus the intestine. 

The literature dealing with the bacteriology dental caries 
voluminous and has been reviewed repeatedly various recent pub- 
lications. attempt will made review the literature this 
paper. 

METHODS 


Jay’s medium described Jay and Voorhees (1927) was used for the liquid broth 
cultural studies. Streak and poured agar medium was prepared according Hadley’s 
modification (1933) Kulp’s tomato juice-peptone-agar media (1927). Carbohydrates 
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used fermentation studies were sterilized Berkefeld filtration and added standard 
broth (pH 7.2), under sterile precautions, which contained percent phenol red indicator. 
Litmus milk cultures were studied. Thirty-two strains aciduric bacilli were isolated 
from the saliva individuals with active dental caries, strain from the feces breast- 
fed infant, and strain from commercial acidophilus milk sample. 

Morphological studies were carried out smooth colonies obtained from the surface 
growth tomato juice-peptone-agar. Aciduric bacilli were grouped into classes ac- 
cording the classification Hadley, Bunting and Delves (1930). 

Biochemical reactions were studied using glucose, galactose, levulose, mannite, 
nose, lactose, maltose, sucrose, dextrin, salicin and dulcitol. Cultures were incubated 
for weeks and reactions recorded. Litmus milk cultures were incubated and observed 
daily until reactions were constant. Antigens were prepared concentrating bacteria 
from broth cultures centrifugation and resuspending normal salt solution make 
one billion eight hundred million bacteria per cc. determined the MacFarland 
nephelometer. For rabbit injections the antigen was killed heat, 65°C. for hour. 


TABLE 
Classification aciduric bacilli studied according Hadley, Bunting, and Delves (1930) 


MORPHOLOGICAL GROUP STRAINS NUMBER STRAINS 
Coccobacillus DI, D4, D7, D10, D15, D27 


DII, D5, D6, 
II. Long, slender rod D19, D20, D21, D22, 
D25, D26, D28, AM, 


Di, D2, D3, D8, D9, 
III. Short, blunt rod Di2, 
D17, D23, D24, D29 


Antigens used for agglutination tests were not heated. Absorption agglutination tests 
were carried out outlined Stitt, Clough and Clough (1938). 


DATA 


Table gives resume the morphological grouping the aciduric 
bacteria studied. DI, DII, and oral aciduric strains were chosen 
for antigens produce antisera because they were typical groups 
II, and III according Hadley, Bunting and Delves. Both the 
intestinal strains were used produce rabbit antisera for agglutinin 
studies. Tabie gives the results our biochemical studies. Table 
shows the lack any correlating factors morphological group- 
ings and biochemical reactions between oral and intestinal strains. 
Based upon biochemical reactions these strains can possibly classi- 
fied into groups (Table 


MORPHOLOGI- 


CAL GROUP 


Group 


Group 


Group 
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TABLE 


Biochemical characteristics dental and intestinal strains 


FERMENTATION OF 


ACTION ON LITMUS MILK 


C—48 hours 
C—48 hours 
C—48 hours 
C—48 hours 
hours 
C—24 hours 


C—72 hours 

C—48 hours 

hours; C—23 days 

hours; C—23 days 

C—30 days 

C—48 hours 

hours; C—10 days 

C—24 hours 

hours; 
C—30 days 

C—48 hours 

hours 

A—48 hours; C—72 hours 

C—72 hours 

C—48 hours 


hours; A—10 days; 
days 

C—48 hours 

C—48 hours 

A—48 hours; C—72 hours 

C—48 hours 

C—48 hours 

A—24 hours; C—72 hours 

A—48 hours; C—64 days 

A—48 hours; C—4 days 

SLA—48 hours; C—13 days 

days 

C—39 days 

days 

C—48 hours 


TABLE III 
Correlation fermentation characteristics dental and intestinal strains with 
morphological groupings 
PER- 
CENT- 
MOR- AGE 
GROUP PHO- 
LOGICAL 
GROUP 
and dulcitol used showed differen- 
tiation between mor- D27 
phological groups 
28.6 
D25 
D29 
cin and dulcitol used showed differen- 
tiation between III 21.4 
phological groups D16 
raffinose and dulcitol D10 
D14 
acid salicin and cept D22 
dulcitol D19 
D22 
4b) acid sucrose D23 14.3 
D24 
and Acid raffinose and sali- 5a) acid levulose D20 21.4 
cin. dulcitol D26 
5b) Acid levulose ex- III 35.7 
cept 
tol. acid raf- 
finose 
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TABLE 


Agglutination titers oral antisera following agglutinin absorption tests with oral and 
intestinal strains 


DII 
D27 
D23 
DII 1:80 D29 1:80 
1:80 
1:80 D28 1:160 
1:80 1:160 
1:80 
D13 1:320 
1:160 D25 1:320 
D13 1:160 1:320 
1:160 
1:160 1:640 
D20 1:160 1:640 
D22 1:160 1:640 
D26 1:160 D20 1:640 
D21 1:640 
1:320 
1:320 1:1280 
1:320 1:1280 
1:320 1:1280 
1:320 1:1280 
1:320 D10 1:1280 
D12 1:320 D24 1:1280 
D18 1:320 D26 1:1280 
D23 1:320 1:1280 
D24 1:320 
D29 1:320 1:2560 
1:2560 
1:640 1:2560 
D17 1:640 D12 1:2560 
D19 1:640 1:2560 
1:640 1:2560 
1:640 D16 1:2560 
1:640 D17 1:2560 
D18 1:2560 
D28 1:1280 D22 1:2560 
D27 1:2560 


MURIEL WARNER AND LLOYD ARNOLD 


TABLE 


Agglutination titers intestinal antisera following agglutinin absorption tests with oral 
and intestinal strains 


D19 

D29 
1:40 
1:80 1:80 
1:80 1:80 
D19 1:80 1:80 
D29 1:80 

1:160 
1:160 D23 1:160 
1:160 
1:160 1:640 


1:1280 
1:320 D10 1:1280 
1:320 1:1280 
1:320 D18 1:1280 
1:320 D22 1:1280 
1:320 
D23 1:320 1:2560 
D28 1:320 1:2560 

1:2560 
1:640 Dil 1:2560 
1:640 1:2560 
1:640 1:2560 
D17 1:640 1:2560 
1:640 D16 1:2560 
D20 1:640 D20 1:2560 
1:640 1:2560 
D22 1:640 D24 1:2560 
D24 1:640 D25 1:2560 
1:640 D26 1:2560 
D26 1:640 D27 1:2560 
D27 1:640 D28 1:2560 
1:640 1:2560 
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TABLE 
Serologic classification strains, and their morphological and fermentation groupings 


STRAINS STRAINS STRAINS STRAINS STRAINS NOT 
CLOSELY RE- CLOSELY RE- CLOSELY RE- CLOSELY RE- RELATED 

SDI LATED SDII LATED SAM| LATED SIF |ALL ANTISERA|MORPHOLOGI-| FERMENTA- 
CAL GROUP TION GROUP 


Dental Dental Dental Dental Dental 


i) 


Note: Morphological groups are according Hadley, Bunting, and Delves. Fermen- 
tation groups are according Table II. 
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Table and Table give the results the agglutinin absorption 
studies. The rabbits injected with the heat killed DIII antigen died 
before satisfactory agglutinin titer was obtained. The interpreta- 
tion Table follows: The antisera produced antigen, 
indicated SDI oral strain antisera, agglutinated antigen 
The oral strains D1, 10, 27, and DIII were used absorb agglutinins 
from this antisera and then agglutination test was performed with 
the homologous strain. Table shows there were agglutinins 
remaining, hence these strains are antigenically identical. The DII, 
D7, etc., group absorbed most the agglutinins; there remained, how- 
ever, 1:80 positive agglutination for the homologous strain. will 
noted that D28 did not absorb detectable quantity agglutinins, 
hence and D28 are antigenically unrelated determined this 
procedure. The same interpretation can made all antisera 
tests recorded Tables and Table gives the general sum- 
mary the serologic classification the strains with their morpho- 
logical and biochemical groupings. 


DISCUSSION 


Grouping the oral aciduric bacilli and the intestinal strains 
acidophilus based fermentation characteristics alone was not 
possible, because only small number strains were alike fer- 
menting the test substances. This disagreement with the findings 
Enright, Friesell, and Trescher (1932) who succeeded classifying 
their organisms the basis fermentative behavior. Rosebury, 
commenting upon their results, points out that their strains were 
and had probably converged toward more common type 
under uniform environmental conditions, thus tending toward homo- 
geneity. The strains used the investigation reported this paper 
were and exhibited large variety types. 

certain correlation between morphological grouping and fermenta- 
tion characteristics was found both the intestinal and dental strains 
using raffinose, salicin, and dulcitol differential media. Wher- 
ever these were insufficient value such differentiation, the reac- 
tions strains mannite, sucrose, and levulose were made the 
determinants. None the test substances could employed 
differentiate between the morphological groupings strains fer- 
mentation groups and Table III. 


STUDY ACIDURIC BACILLI 


differences could found the fermentation the test sub- 
stances the oral aciduric bacilli and the intestinal strains studied, 
contrary the claim Morishita (1928). observed that oral 
lactobacilli produced acid mannite, but not raffinose; while in- 
testinal acidophilus produced acid raffinose, but not mannite. 
According the findings Table II, intestinal strain produced 
acid both mannite and raffinose. Intestinal strain produced 
acid raffinose, but not mannite, agreement with Morishita’s 
contention. Among the dental strains, produced acid both 
raffinose and mannite, raffinose, but not mannite, mannite, 
but not raffinose, and neither these sugars. 

The antigenic relationships the dental and intestinal strains 
the dental and intestinal antisera were investigated means 
agglutinin absorption tests. review the literature reveals that 
although many investigators compared oral aciduric bacilli with in- 
testinal acidophilus various serologic methods, the method 
agglutinin absorption seems have been neglected their work. 

seen from Tables and per cent the dental strains 
showed relationship either the intestinal antisera, while the 
other per cent showed close relationship both either one the 
intestinal antisera. appears, then, that many oral aciduric 
bacilli show antigenic similarity intestinal acidophilus 
there are which not have such similarity. the basis these 
findings, separation the oral aciduric bacilli from intestinal 
acidophilus can made. This conclusion agreement with that 
Rosebury, Linton, and Buchbinder (1929), and Enright, Friesell, 
and Trescher (1932), and contradiction that Morishita 
(1928), and Anderson and Rettger (1937), all whom employed 
agglutination tests. 

inspection Table shows that the dental strains 
fall into the group closely related antiserum SDI. the strains 
closely related antiserum SDII, belong the group closely 
related SDI; only dental strains are not related antigenically 
either the dental antisera. This would indicate that the dental 
strains showed marked homogeneity within themselves. 

Since the biochemical findings reveal great deal heterogeneity 
within the oral aciduric bacilli, while the serologic results, arrived 
agglutinin absorption tests, show pronounced homogeneity 
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within these strains, follows that there can correlation between 
fermentation and serologic groupings. Likewise, there corre- 
spondence between morphological and serologic groupings. 


CONCLUSIONS 


the basis biochemical reactions and agglutinin absorption 
tests, oral aciduric bacilli not appear group separate and 
distinct from Lactobacillus acidophilus Moro. 

the basis fermentative behavior, strains oral aciduric 
bacilli exhibit great deal heterogeneity within themselves. 
the contrary, the agglutinin absorption tests reveal that there 
marked homogeneity within these strains. 

correlations were found exist between morphological and 
serologic groupings, and between fermentation and serologic groupings. 
This applies both oral and intestinal strains the organisms. 
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FURTHER STUDIES THE VITRO DECALCIFICATION 


OSBORN 
Department Physiology, University the Witwatersrand, Johannesburg, South Africa 


previous papers (1, extension the chemico-parasitic 
theory has been evolved explain the development caries 
civilized communities and the absence caries primitive com- 
munities. Briefly, postulated that the sugars and cereal starches, 
these carbohydrates undergo acid fermentation the crevices and 
pits the teeth and, unless the “protective agent” present, the 
acid thus formed produces decalcification the enamel, this being 
the first step the formation caries’ cavity. postulated 
that the agent” partially removed when cereal grains 
are converted into highly refined meal flour, and when sugar 
purified, and that this accounts for the relative scarcity carious 
teeth among primitive peoples and the prevalence decay among 
the civilized. 

support this was shown that crude cereals and sugar cane 
juice did not cause vitro decalcification nearly readily refined 
cereal meal flour and refined sugar: this spite the occurrence 
about the same degree acid fermentation each experiment. 

attempting discover the nature this “protective 
was then shown that the vitro decalcifying action refined flour 
and sugar was strongly inhibited certain salts calcium and 
phosphorus, and the mass action law was used show how, acid 
constant pH, the presence calcium and phosphate ions could 
reduce the rate solution solid calcium phosphate. Since the 
publication these results the present author has continued ex- 
along these lines. 


expenses this work were defrayed grant from the National Research 
Council the Union South Africa. 


EXPERIMENTAL 


the earlier experiments the teeth were left the incubating 
saliva carbohydrate mixture long might necessary cause 
appreciable decalcification. This, while constant for each experi- 
ment, varied from one experiment another. the later experi- 
ments was found possible use more uniform conditions: the 
teeth were removed the fourth day and placed into fresh saliva 
carbohydrate mixture, the saliva being supplied the same person 
the first occasion; they were left further four days and 
then removed for examination. Apart from this the experimental 
details are the previous papers. 

Action Calcium Lactate and Sodium Glycero-phosphate. Further 
evidence the inhibiting action these salts sucrose decalcification 


TABLE 


NUMBER OF | NUMBER 
TEETH DECALCIFIED 


Teeth incubated saliva per cent sucrose: 


(b) With the addition 0.2 per cent calcium lactate and 0.2 per 
cent sodium 371 


has been obtained. most investigations sucrose decalcification 
control inhibiting experiment has been made using these salts 
that possible report large number teeth (Table I). 

Various Forms Calcium Glycero-phosphate. Three different types 
calcium glycero-phosphate were made Mercks: the soluble 
acid salt, the neutral salt which considerably less soluble, and 
syrupy solution containing per cent the salt maintained 
solution manner not specified. The comparative inhibiting 
action these was tried for flour and sucrose decalcification, the 
case the latter control using calcium lactate and sodium glycero- 
phosphate was used. ‘The results are given Table 

The Hexose Phosphates. Various hexose phosphates were investi- 
gated for action using both flour and sucrose decalcifica- 
tion. They were found active the results Table III show. 

Lecithin Glycero-phosphate. Lecithin used place sodium 
glycero-phosphate was found active inhibiting decalcification 
sucrose solutions. The results are shown Table IV. 
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TABLE 

or 

Expts. 55-59. Saliva plus 
Flour 0.2 per cent glycero-phosphate 
Flour 0.2 per cent glycero-phosphate 
Flour 0.2 per cent glycero-phosphate (50 per cent 

Expts. 60-72. Saliva plus 
Sucrose 0.2 per cent glycero-phosphate 
Sucrose 0.2 per cent glycero-phosphate 
Sucrose 0.2 per cent glycero-phosphate (50 per cent solution)....| 


Sucrose 0.2 per cent glycero-phosphate 0.2 per cent lactate. 


NUMBER}; NUMBER 


DECAL- 


TEETH | CIFIED 


TABLE 
oF 
Expts. 84-89. Saliva plus 
Flour 0.2 per cent calcium 
Flour 0.2 per cent 
Flour 0.2 per cent 
Flour 0.2 per cent hexose-6-monophosphate 0.2 per cent 
Expts. 80-83. Saliva plus 
Sucrose 0.2 per cent calcium glycero-phosphate................... 
Sucrose 0.2 per cent 
Sucrose 0.2 per cent hexose-6-monophosphate. 


Sucrose 0.2 per cent hexose-6-monophosphate per cent 


TABLE 
oF 
Expts. 94-99, 121-125. 
Sucrose 0.2 per cent lactate 0.2 per cent gly 
Sucrose 0.2 per cent lactate 0.5 per cent lecithin. 


Sucrose 0.4 per cent lactate 0.1 per cent 


NUMBER 
DECAL- 
CIFIED 
ER| NUMBER 
DECAL- 
CIFIED 


Inorganic Calcium and Phosphate the previous paper 
(2) was shown that CaHPO, had little inhibiting effect 
decalcification flour, mealie meal sucrose. Table the 
present paper shown that the more acid and more soluble 
has only weak inhibiting action sucrose decalcifica- 
tion. was argued the previous paper, and the argument still 
holds, that “the concentration and ions achieved this 
way was not sufficient inhibit materially the destructive action 
the medium”. was suggested that supersaturation the ions 
was necessary. The work which has been done since 1937 makes 
necessary alter our hypothesis from this point. then postulated 


TABLE 


Expts. 159-168, 177-178. Saliva plus 


Sucrose 0.2 per cent lactate 0.2 percent 
Sucrose 0.2 per cent lactate 0.088 per cent 


Note: 0.2 per cent sodium glycero-phosphate and 0.088 per cent both con- 
tain about 0.020 per cent 


that the supersaturation was achieved the activity phos- 
phatase: that glycero-phosphates, hexosephosphates 
other organic phosphates had inhibiting action upon decalcification 
under our conditions because they were hydrolyzed and liberated 
phosphate ions: this must now withdrawn the light data 
subsequently produced. 

had assumed that the calcium could provided the inorganic 
form because experiments using per cent had observed 
some “protective” action. closer investigation the matter, 
appears Table VI, 0.07 per cent (containing 0.026 per 
cent Ca, i.e. the same amount there 0.2 per cent calcium 
lactate) gave scarcely any protection. 

Having found inorganic calcium relatively ineffective 
the presence organic phosphate, then emerged that inorganic 
phosphate was more effective than the organic the presence 


NUMBER| NUMBER 
DECAL- 
TEETH CIFIED 
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organic calcium (Table and Table X). The theory must now 
suppose that the supersaturation achieved the liberation 
ions from organic source, and not the liberation phosphate 
ions phosphatase activity. 


TABLE 


151-158, 169-172. Saliva plus 


Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.15 per cent butyrate 0.2 per cent glycero- 

Sucrose 0.07 per cent CaCl, 0.2 per cent glycero-phosphate....| 


TABLE VII 


Expts. 126-129, 131-133. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.266 per cent lactate 0.133 per cent glycero- 

Sucrose 0.3 per cent lactate 0.1 per cent 


TABLE VIII 


Expts. 105-107, 117-118, 201-204. Saliva plus 


Sucrose 0.2 per cent lactate 0.2 per cent 


Varying the Ca:P Ratio. Several experiments were made test 
the effect this. Within the limits the experiment could 
find significant difference between the ratios used (Table VII). 

The Relative Protective Activity and Table VIII the 
protection calcium lactate and sodium glycero-phosphate, each 


i 
NUMBER/| NUMBER 
or DECAL- 
TEETH | CIFIED 
NUMBER| NUMBER 
or DECAL- 
TEETH | CIFIED 
NUMBER/| NUMBER 
oF DECAL- 
TEETH | CIFIED 


used alone, are recorded. clear (a) that the phosphate alone 
very weakly inhibitory, and (b) that the calcium lactate alone 
almost strongly inhibiting mixture the two salts together. 
From Table similar result emerges: calcium butyrate alone 
strongly protective, but not protective the same salt with 
added inorganic phosphate. 


TABLE 
NUMBER| NUMBER 
OF DECAL- 
TEETH | CIFIED 
Expts. 182-184, 193-196. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent glycero-phosphate..| 
Sucrose 0.15 per cent butyrate 0.088 per cent 


Note: 0.15 per cent butyrate and 0.2 per cent lactate each contain approxi- 
mately 0.026 per cent Ca. 


TABLE 


TEETH | CIFIED 


Expts. 185-192. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.28 per cent glucon. 0.2 glycero-phosphate.| 
Sucrose 0.28 per cent glucon. 0.088 per cent 


Note: 0.2 per cent lactate and 0.28 per cent gluconate each contain about 
0.026 per cent Ca. 


Effect Different Calcium Salts. Calcium gluconate (Sandoz) 
and the more soluble calcium gluco-galacto-gluconate (Sandoz) were 
found have advantage over calcium lactate (Tables and 

Calcium acetate was inferior protective agent calcium lactate 
and the rather vague calcium lacto-phosphate pharmacological 
substance made heating parts weight with parts 
lactic acid) was much weaker (Table XII). 

Calcium butyrate and calcium isobutyrate were both more 
strongly protective than calcium lactate (Tables VI, XIII, XIV). 
clear from the results obtained with the isobutyrate and recorded 
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TABLE 


Expts. 205-212. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.385 per cent gluco-galacto-gluconate 0.2 per cent 


Sucrose 0.385 per cent gluco-galacto-gluconate 0.088 per cent 


Note: 0.2 per cent lactate and 0.385 per cent gluco-galacto-gluconate each 
contain about 0.026 per cent Ca. 


TABLE XII 


Expts. 134-141. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.1 per cent acetate 0.2 per cent 
Sucrose 0.15 per cent calcium lactophosphate...................... 


TABLE 


NUMBER| NUMBER 
OF DECAL- 
TEETH | CIFIED 


Expts. 142-150. Saliva plus 
Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.2 per cent isobutyrate 0.2 per cent glycero- 


Sucrose 0.133 per cent propionate 0.2 per cent glycero- 
TABLE XIV 

NUMBER | NUMBER 

OF DECAL- 

TEETH | CIFIED 
Expts. 179-181, 197-200. Saliva plus 


Sucrose 0.2 per cent lactate 0.2 per cent 
Sucrose 0.15 per cent butyrate 0.2 per cent glycero-phos- 


Sucrose 0.2 per cent isobutyrate 0.2 per cent glycero-phos- 


NUMBER| NUMBER 
OF DECAL- 
TEETH | CIFIED 

NUMBER! NUMBER 
OF DECAL- 
TEETH | CIFIED 


Tables XIII and XIV that the method not yet satisfactory 
quantitative measure protective activity: isobutyrate much 
more protective than calcium lactate Table XIV and only slightly 
more protective Table XIII. propionate appears about 


DISCUSSION 


The theory that refined sugar and white flour produce caries 
because they undergo acid fermentation when incubated with 
the saliva and its micro-organisms; this acid, formed crypts and 
fissures and other minute spaces about the teeth, where capillarity 
impaction retains the fermenting mixture, dissolves away the enamel 
and starts the carious cavity. For hundreds, not thousands, 
years different sections the human race have lived wheaten flour 
but was flour made stone mills; then, the close the last 


TABLE 
STONE-GROUND WHITE FLOUR ROLLER-MILL WHITE FLOUR 
0.044 per cent 0.020 per cent 
0.18 percent 0.092 per cent 


century the roller mill was introduced. The old stone-ground flour 
contained much more calcium and phosphorus than the more highly 
refined roller-mill flour does Table from Drummond (5) shows. 

the old days there were carious teeth but there was not the same 
universal decay that modern European populations show: felt, 
the light this work, that the removal calcium and phosphorus 
from flour has played large part inducing this prevalence dental 
decay. 

The increased use refined sugar has been second potent factor 
producing decay. There are many reports show that various 
primitive peoples chew sugar cane large amounts without suffering 
dental decay and the same explanation offered account for this. 
Modern white sugar very nearly 100 per cent sucrose. Crude sugar 
cane syrups were found contain 0.049 0.090 per cent calcium 
and 0.031 0.035 per cent phosphorus. Murray (7) finds crude cane 
juice, which had been using, contained 0.03 per cent calcium and 
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0.031 per cent phosphorus. These quantities are the same order 
the quantities used these experiments. 

seems that there movement put the germ back into the 
flour. this becomes general—if flour contain more the 
calcium and phosphorus the whole wheat berry—it expected 
(if the hypotheses this paper prove correct) that the prevalence 
caries will diminish considerably. could arranged that the 
sugar sold for human consumption should have added the calcium 
and phosphorus the original cane juice, one the 
compounds described this paper, still greater reduction the 
incidence caries may expected result. This, the opinion 
the author, offers the best line attack upon the disease dental 
caries. 


POSSIBILITY REDISPOSITION ENAMEL 


This section the investigation not properly matured for publica- 
tion, but felt that the results should placed record this 
stage, the international situation having involved unavoidable 
suspension unpredictable duration this work. Invoking, 
does, the law mass action, the hypothesis 
visualizes not agent which stops the solution enamel, but one 
which increases the redeposition enamel—this least the the- 
oretical conception which follows the use the law mass action. 
process ebb and flow from the enamel surface seems possible—a 
few molecules apatite dissolving off one moment and few 
molecules redeposited another. 

unlikely that this theoretical redeposition enamel has 
practical significance far repair macroscopic decalcification 
caries concerned: enamel being structure originally 
laid down cells, probable that irreversible damage will done 
any decalcifying process extensive enough destroy this 
condition. probable, fact, that the ebb and flow 
concerns more than few molecules time. 

Unlikely though that redeposition enamel, even could 
demonstrated vitro, would have any application dental thera- 
peutics, was nevertheless decided try and demonstrate this 
phenomenon. 


Extracted carious teeth (all other teeth this work being extracted 
non-carious teeth) were incubated the solutions described Tables 
XVI and XVII. the end the experiment certain the teeth 
showed clear evidence deposit crystals the dark bed the 
carious cavity. When the teeth had been stained with Grenacher 
borax carmine this deposit was equally evident. 


TABLE XVI 


NUMBER 
NUMBER OF | SHOWING 
TEETH DEPOSIT OF 
CRYSTALS 


Expt. 13—Teeth medium unchanged days 


0.9 per cent Saline saliva 

10.0 per cent glycero-phosphate saliva................. 
TABLE XVII 


NUMBER 
NUMBER OF| SHOWING 
TEETH DEPOSIT OF 


CRYSTALS 
Expts. 79.—Teeth incubated days, medium changed every 
2-3 days 
0.9 per cent Saline saliva 
2.0 per cent lactate 2.0 per cent glycero-phosphate 


Although the crystals can scarcely have been anything else than 
some phosphate calcium and although this provides demonstra- 
tion recalcification, the author not impressed the significance 
these results. Although recalcification far from being 
recalcification enamel. likely that similar deposit would 
have occurred any solid substance placed into the test tube, es- 
pecially the solid were preformed calcium phosphate crystals. 
would have been more extraordinary deposition had occurred. 
system containing relatively concentrated solution organic 
calcium and phosphate compounds inoculated with saliva and its 
bacterial flora, liberating calcium and phosphate ions, the only al- 
ternatives are persistent supersaturation and deposition, and the 
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latter much the more probable, especially solid calcium phosphate 
about. 


SUMMARY 


Much data have been accumulated show that certain calcium 
and phosphate salts can protect teeth from the vitro decalcification 
which normally follows, they are incubated saliva sucrose 
saliva refined flour media. 

The phosphate more effective inorganic than organic 
combination. 

The calcium active certain organic forms, but the other 
hand, has little effect the inorganic form. 

Used separately, the calcium compounds are nearly strongly 
protective alone with phosphates; the phosphates are nearly in- 
active alone. 

The possibility redeposition solid calcium phosphate has 
been investigated and reported upon. The author does not attach 
great significance this aspect the work. 


This investigation has involved enormous amount organisation and dull routine 
work and has only been possible through the diligence assistant, Mr. James Morris: 
sincere thanks are due him. The other indispensable contributors were those who 
supplied saliva: several colleagues and dozens students have very kindly 
given their time chew for me. Finally must thank the dentists and anaesthetists 
this town who collected teeth for me. 
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THE ACCURACY CLINICAL AND ROENTGENOLOGIC 
DIAGNOSIS DENTAL CARIES DETERMINED 
MICROSCOPIC 


LESTER BURKET, D.D.S., M.D. 


University Pennsylvania Dental School, Philadelphia, Pa. 


Since dental caries begins microscopic lesion, was considered 
interest compare the accuracy the usual clinical and roentgeno- 
logic methods diagnosing caries with the histologic findings. Before 
the discovery the roentgen ray, caries was discovered careful 
examination with mouth mirror and sharp explorer, additional infor- 
mation relative proximal caries being secured means dental 
floss separator. With the advent the X-ray machine standard 
office equipment the roentgenogram has become important adjunct 
the diagnosis dental caries and has been found most useful 
detecting early carious lesions the proximal surfaces the teeth. 

Arnett and Ennis (1) have compared the relative value clinical 
and roentgenologic examinations for the diagnosis dental caries. 
College students whose mouths were supposed have had recent 
attention were studied. Teeth containing area decay, leaky 
filling, unfilled cavity were regarded carious. Clinical examina- 
tions failed detect many teeth which were shown roentgenologic 
study carious and the reverse was also true. They demonstrated 
1662 carious teeth clinical examination and 1372 roentgenologic 
examination but the methods were agreement for only 237 the 
teeth. other words 1425 teeth found carious clinically failed 
show caries Roentgen-ray, while 1135 teeth the reverse was 
These data were obtained from study the regular intra-oral dental 
films and did not utilize bite wing films. 


contribution from the Dental Study Group, Yale University School Medicine. 
Studies made while member the Dental Study Group. 

Presented the 16th General Meeting the International Association for Dental 
Research, Minneapolis, Minn., March 12, 13, 1938 (J. Res., 17: 301, 1938). 
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The present study was made 460 human teeth obtained nec- 
ropsy. The gross and roentgenologic examinations were made after 
portions the jaws had been removed. The specimen was dried and 
sharp needle and No. explorer were used for the physical detec- 
tion caries. Dental floss separators were not used for the inter- 
proximal surfaces. Roentgenograms were made employing technic 
similar that used routinely the mouth. Preparations for the 
microscopic study were cut serially microns and every 10th sec- 
tion routinely mounted and stained with hematoxilin and eosin. 

Only lesions the mesial, distal and occlusal surfaces the teeth 
were analyzed and each surface was considered unit. Caries 
associated around beneath fillings was tabulated separately. The 
criteria for caries used Eliot, Souther, Anderson and Arnim (2) 
were employed. tooth was considered carious when there were 
necrosis and debris associated with cavitation that surface the 
tooth which exposed the oral Several dentists took 
part the examination the gross specimens but all the other studies 
were made the author. 


DATA 


Comparative gross, microscopic and roentgenologic studies were 
made 920 interproximal surfaces which 347 were found 
carious one more methods examination. lesion was demon- 
strated the microscopic preparations 286 (82 per cent) the 
group. the teeth without histologic evidence caries clinical 
diagnosis* was made for teeth, roentgenologic for teeth and both 
gross and roentgenologic for the remaining teeth. The frequency 
with which lesions were demonstrated one more procedures 
shown Table 

These data show that per cent the teeth were found cari- 
ous the basis clinical examination whereas the basis roent- 
genologic studies per cent were judged carious. Both methods 
examination were agreement for per cent the teeth. The 
clinical methods detecting caries paralleled more closely the results 
the microscopic studies. 


Clinical refers methods used examination rather than the place where the 
teeth were 


CARIES DIAGNOSIS: CLINICAL, ROENTGENOLOGIC, HISTOLOGIC 


TABLE 


Com parative clinical, roentgenologic and microscopic diagnosis dental caries 
920 interproximal surfaces 


METHOD OF EXAMINATION NO. POSITIVE susaanne 
per cent 
Clinical and 6.34 
Roentgenologic and 4.33 


Clinical, roentgenologic and microscopic. 119 34.3 


TABLE 


Com parative clinical, roentgenologic and microscopic diagnosis caries 
460 occlusal surfaces 


METHOD EXAMINATION NO. POSITIVE 

per cent 
Roentgenologic and 2.6 
Clinical, roentgenologic and 20.3 


TABLE 


Com parison accuracy the different methods diagnosing occlusal and inter proximal caries 


per cent per cent 
Clinical and 2.6 6.34 
Clinical and 21.7 12.9 
Roentgenologic and 2.6 4.33 
Clinical, roentgenologic and 164 20.3 34.3 


Two hundred twenty-one (48 per cent) the 460 teeth had occlusal 
cavities diagnosed one more methods examination. histo- 
logic lesion was demonstrated 137 (62 per cent) the teeth. the 
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teeth without histologic evidence caries clinical diagnosis was 
made for the teeth and both clinical and roentgenologic diagno- 
sis for the remaining teeth. The frequency with which lesions were 
demonstrated one more procedures shown Table 

These data show that per cent the teeth were found carious 
the basis clinical examination while only 25.6 per cent were 
shown carious roentgenologic study. The two methods 
examination were agreement for per cent the teeth. 

The data obtained from the studies occlusal and interproximal 
caries have been arranged Table III show the relative accuracy 
the different methods examination detecting occlusal dis- 
tinct from interproximal caries. 


COMMENT 


Most the lesions diagnosed only microscopic examination 
occurred the interproximal surfaces while the majority cavities 
found only clinical examination were located the occlusal 
surface. Several factors may influence these findings. Dental floss 
wedge separators were not employed for the detection inter- 
proximal cavities which could not discovered with No. explorer 
the interproximal debris and plaques the enamel surface were 
desired for histologic fissures the occlusal surface may 
have been formed that based the criteria used for caries they 
would judged carious, caries might have been present but 
confined the enamel. Although microscopic evidence caries 
the enamel without dentin involvement was observed frequently, the 
enamel remains were not present consistently sufficient amounts 
permit any comparison with the clinical detection caries. 

The roentgenogram was more value the diagnosis inter- 
proximal caries than occlusal caries. This probably due the fact 
that the anatomic structure the tooth the direction through which 
the X-rays pass permit the visualization small changes the inter- 
proximal surfaces which present the occlusal portion the tooth 
would obscured the thick enamel the cusps. 

compare our observations with those reported Arnett and 
the teeth with both fillings and caries were included with those 
previously reported. comparison the accuracy clinical and 
roentgenologic methods detecting caries given Table IV. 


CARIES DIAGNOSIS: CLINICAL, ROENTGENOLOGIC, 


The more obvious agreement between the clinical and roentgenologic 
examinations the present study may due the smaller number 
observations but more likely the result differences the 
source material analyzed. The agreement between the clinical and 
X-ray diagnosis caries dependent the extent the carious 
lesion well its location. Teeth with well developed cavities 
would more readily diagnosed both methods. the other 
hand interproximal caries slight extent that limited the enamel 
would more difficult diagnose clinically and more easily diag- 
nosed the roentgenogram. adults the more susceptible areas 
decay have usually been replaced with fillings with the result that 
there are fewer opportunities for the roentgenologic diagnosis 
early caries. 


TABLE 


Com parison clinical and roentgenologic methods diagnosing dental caries 


METHOD OF EXAMINATION BURKET a 


ENNIS* 
per cent per cent 


Calculated from the data given Arnett and Ennis, loc. cit. 


Since the average age the individuals upon which this study 
based (44 years) much older than the adolescent group examined 
Arnett and Ennis the apparent greater accuracy and confirmation 
the various methods examination may not true for studies made 
younger subjects. The actual value the different methods 
detecting caries can only determined studies which deal with the 
diagnosis minimal lesions. 


SUMMARY 


Comparative gross, microscopic and roentgenologic examinations 
for dental caries were made 460 teeth which 347 interproximal 
and 221 occlusal surfaces were judged carious one more methods 
examination. The highest incidence positive diagnoses all 
three methods was observed for interproximal caries. The roentgen- 
ray was greater aid determining interproximal than occlusal caries. 
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While the roentgenogram may superior accuracy the diagno- 
sis interproximal caries our histologic studies show that both clinical 
and roentgenologic examination fail detect many carious lesions. 
One hundred forty-three (24 per cent) the cavities were demon- 
strated only the microscopic preparations. the group studied, 
caries was more often detected careful clinical examination than 
the use the roentgenogram. 

The foregoing study has conclusively shown that physical 
impossibility diagnose all carious lesions the teeth. Therefore, 
essential that complete roentgenologic examination for caries 
made addition thorough physical examination since 
impossible utilize the microscope clinically for the detection 
early lesions. 
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SECTIONING AND PLANING MACHINE 
PARALLEL TOOTH 


WILLIAM LEFKOWITZ, 


Laboratory Oral Histology and School Dental and Oral Surgery, 
Columbia University, New City 


Recent investigations the calcified dental tissues have neces- 
sitated improvements methods for preparing 
Even though special methods decalcification are available (1, 
4), microscopic studies enamel, and the dentino-enamel junc- 
tion, have been made almost entirely the use ground sections. 
Not only the enamel destroyed decalcification methods, but 
certain changes the dentin are also obscured. 

The differences between young and old (metamorphosed) dentin, 
which led Beust (5), Fish (6) and Bodecker and Applebaum (7) the 
conclusion that dentin old teeth contains areas variable perme- 
ability, are evident only ground sections. Figs. and ground 
and decalcified sections made from the same molar old indi- 
vidual, demonstrate the differences between the two types sections. 
Fig. ground section, shows acute root caries and highly meta- 
morphosed crown dentin dentinal change causes the tubules 
appear black transmitted light. The decalcified section (fig. 
has lost its enamel and the dentin appears almost homogeneous and 
not metamorphosed; only the infected dentinal tubules the cavity 
wall show dark areas. 

Dental lymph was discovered Bodecker (9) solely through the 
study ground sections. later corroboration staining 
teeth (10) ground sections played important part. Fig. shows 
the dentino-enamel junction ground section which there appear 
two types dentinal tubules. Originally the same, they now 
differ that the metamorphosed tubules (MT) are impermeable while 


Presented the 18th General Meeting the International Association Dental 
Research, Philadelphia, Pa., March 14, 1940 (J. Res. 19: 304, 1940). 
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the tubules the left (LT) still contain dental lymph. Tufts (T) 
extending into the enamel are also evident. All these structures 


Fic. Metamorphosed dentin (MD) visible only ground sections. Tooth shows 
acute root caries (C); crown resistant caries due least partially its imperme- 
ability. enamel; pulp chamber containing pulp nodules. 


Fic. Metamorphosed dentin invisible decalcified section same tooth 
shown fig. tubules (IT) line cavity (C); pulp. 


and alterations are best observed ground sections. The difference 
between lymph-filled (LT) and metamorphosed (MT) tubules again 
clearly seen fig. The latter tubules appear dark because they 
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Fic. Ground section border dentin and enamel (E), showing both metamor- 
phosed tubules (MT) and lymph-filled ones (LT); tufts. 


Fic. highly enlarged metamorphosed tubule (MT) and lymph-filled tubule (LT) 


contain the gaseous remnant dental lymph which refracts the light 
passing through the specimen, while the translucent lymph-filled 
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tubules (LT) allow the light pass through their fluid content. 
appearance must not confused with that bacteria-filled tubules 
seen decalcified specimens 2). 

Tomes (11), Neumann (12) and most the other earlier investi- 
gators used ground sections almost entirely. More noteworthy 
the recent contributions further establishing the value this type 
section include Schour’s demonstration the neonatal ring the 
enamel (13) and his calculation growth rate dental tissues 
means alizarin injections (14), studies (15) enamel 
calcification with the Grenz ray and Kitchin’s 
studies (16). 

The technique grinding sections for microscopic study requires 
painstaking attention manipulative details. Although the planing 
machines introduced Cowardin (17), Allen (18), Black (19) and 
Bodecker (20), eliminated many objections the earlier method 
hand grinding, others still remained. The carborundum-vulcanite 
saw, which almost universally used, wastes approximately mm. 
the specimen for each section and generates intense heat which 
increases the friability the tissue. The slabs produced the saw 
must planed and, because enamel resists grinding more than the 
soiter cementum and dentin, the resultant sections are thicker the 
incisal area than the root. This feature undesirable, especially 
for Grenz ray investigations. 

the difficulties preparation, the study ground 
sections has been neglected, although for specific purposes their use 
presents many advantages. Comparison both methods need not 
imply that calcification inferior. must emphatically pointed 
out that both methods are essential, that each compliments the other, 
and, that only examination both ground and decalcified sections 
can conclusive observations made. 


SECTION CUTTER 
need for improved ground sections required modification the 
section cutter designed Bodecker (20) (fig. thesuggestion 
Dr. Ziskin, universal joint was added the specimen holder 


making possible change the position the specimen that sec- 
tions may cut any desired plane. 
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The use carborundum saw has been discontinued. Diamond 
perfect cutting medium and used cut all hard materials, even 
diamond itself. When ground into fine powder, has the property 


Fic. Section cutter. Diamond charged saw (DS) mounted lathe head protected 
flange prevent weaving saw. Specimen carrier (SC) with universal joint attach- 
ment. Carriage (C) supporting specimen carrier which can fed horizontally 
vertically worm drive (WD) screw. Worm drive micrometer (M) determine thick- 
ness slabs. 


adhering the surface metals and under pressure can forced 
into, and retained in, the pores soft may also rolled 
into the smooth edge metal disc produce diamond charged 
saw, used extensively the precious jewel industry. Such dise 
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charged many times and becomes more the more 
oiten charged. 

Diamond dust was recommended Carpenter (21), 1883, for 
cutting tooth slabs. used soft iron disc charged its edge 
with diamond dust, which disc may driven ordinary 
This method was supplanted the carborundum-vulcanite saw 
which was considerably thinner than the iron 

disc, 150 micra thick, charged with 300 mesh 
diamond dust, now used with the section cutter. contrast 
carborundum-vulcanite, extremely thin, eliminates much the 
waste caused cutting sections, and generates little heat. 
moistened cloth, held gently against the cutting edge provides 
cient lubrication and prevents overheating the specimen. further 
contrast carborundum, the diamond cutter must revolve high 
speed, approximately 10,000 feet per minute. This equivalent 
9.000 revolutions per minute inch saw. The saw and lathe 
must run true, and high speed the slabs may cut very thin: 

The specimen retained the holder with Chaser’s cement, which 
soitens when heated that the tooth may pressed into position. 
The edges are sealed with hot spatula. The diamond saw unaf- 
fected Chaser’s cement. The specimen gently brought into 
contact with the saw and held position for moment, then fed 
smooth rate until the slab feeding will pro- 
duce rills which must polished hand. Proper cutting slabs 
will produce smooth surface. 

The specimen withdrawn and micrometer adjustment deter- 
mines the thickness the next slab. The extreme sections are com- 
paratively thick but the central slabs can cut thin 250 
400 micra. The excessive waste considerably reduced the use 
diamond charged phospho-bronze saw producing times the 
number tooth slabs previously secured means carborundum. 


PLANING MACHINE 

slabs cut the planing machine are kept serially water 
prevent drying. One surface polished ground glass Arkansas 
stone necessary. are then secured the specimen carrier, 
polished, down, specially prepared Canada bal- 
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sam. The specimen carrier heated 100° centigrade and thin 
balsam applied the surface. When cools 60°, the 
slabs are dried with cloth and placed their respective order, each 
one covered with paper square and flat metal plate placed over it. 
strong clamp insures complete contact the polished surface 
the tooth slab the specimen such contact perfeet 
all areas the resultant specimens will not plano-parallel. The 


Fic. Specimen carrier with twelve sections upper bicuspid before planing. 
Three sections covered with metal plate (P). Strong spring clamps (C) insure contact 
slabs with face specimen carrier. 


use the metal plate also prevents warping the specimen. The 
balsam permitted cool The specimen carrier will accom- 
modate approximately slabs depending their size. 

The specimen carrier then transferred the planing machine 
(fig. 7). held place arm which locks into upright 
the apparatus and equipped with micrometer which, with 
fair degree accuracy, raises the specimen carrier the desired distance 
from the measures the thickness the finished sections 
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advance. adjustable spring exerts downward pressure insure 
constant grinding. the slabs are ground thin, the micrometer 
descends stop which results specimens the prescribed 
thickness. 

actual operation, the lap revolves horizontal plane with the 
slabs attached the specimen carrier contact with it. Release 
spring the upright exerts pressure forcing the specimen carrier 


Fic. Experimental model planing machine with specimen carrier (SC) position. 
Micrometer adjustment (M) for determining thickness sections. Stop (S) with which 
micrometer makes contact when sections are ground. Spring release (SR) upright 
force specimen carrier against fibre nut (FN) causing revolve. Bronze lap (L) 
container (C) adjustable distributor (D) for pumice and water which directs flow site 
specimen Carrier. 


against fiber nut extending from the center the grinding lap. 
This causes the specimen carrier revolve without irregular wearing 
the and climinates grinding rills. Sections are completed when 
the micrometer makes contact with the stop, announced electric 
buzzer. ‘The apparatus requires practically supervision. 

Several grinding laps may used ranging through different grades 
carborundum steel bronze. Carborundum laps, used first 
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with stream water from reservoir directed the site the 
specimen carrier, proved unsuccessful because the balsam adhered 
porous areas the carborundum and produced smooth 
The specimen carrier rebounded over the areas balsam 
and seriously hindered grinding. other solvents were imprac- 
ticable because they also dissolved the balsam specimen 
carrier, thereby freeing the sections. This obstacle was overcome 
adding alundum flour abrasive, finely powdered carborundum, 
the water. thin the abrasive remained the surface 
the lap and the balsam adhered and rolled off leaving clean 
surface. Subsequent trials demonstrated that alundum 
ciently abrasive function with smooth lap. Steel and bronze 
were tried, the latter giving the best results. The final design, fig.7, 
shows the lap receptacle. Water and abrasive are added, and the 
instrument set the lap revolves, the distributor inter- 
cepts the flow abrasive and water the periphery the receptacle 
and directs the flow the site the specimen carrier providing 
constant flow. Unfortunately, the fine particles alundum were 
imbedded the finished sections and could not removed. Pumice 
was substituted and even though the grinding was much slower, the 
resultant sections could cleaned with camel’s hair brush. The 
difficulty balsam adhering the lap had also been eliminated. 

remove the specimens, the carrier placed xylol bath. 
small metal disc, placed the center petri dish will facilitate the 
dissolution balsam the xylol bath allowing the sections fall off 
their respective positions. They are then cleaned with camel’s 
hair brush and mounted serially balsam. The use several inter- 
changeable specimen carriers for the planing machine will eliminate 
further waste time many sections are cut. While the balsam 
hardening secure the slabs specimen carrier, another may 
operation the machine, and third may xylol bath 
remove the sections. 

Over 500 sections have been prepared this method. With few 
exceptions, due faulty technique, the results were uniformly plano- 
parallel. Micrometer measurements show the same thickness the 
crown and root. The method establishing the thickness the 
section requires some care. the machine permitted operate 
after the micrometer reaches the stop some grinding will occur due 
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the thickness the abrasive, for which allowance must made 
advance. Adjustments must made periodically compensate for 
slight wearing away the lap. 

Attempts were made produce extremely thin sections this 
method, some cases thin micra. This proved imprac- 
ticable because the enamel was too brittle withstand handling, 
although ground sections dentin micra were sufficiently pliant 
mounted. The best sections enamel were prepared 
125 micra. The use these equipments has greatly facilitated the 
technique preparing ground sections. possible produce 
amolar. Many the objections the technique are partially elimi- 
nated, yielding many more consistently plano-parallel sections and 
improving the economy time and material. 


Grateful acknowledgment made Dr. Charles Bodecker for his invaluable 
assistance planning these instruments, for use figs. and and the discussion 
advantages ground sections. 
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